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FOREWORD

...'
Ed Begle recently retnarked that curricular effort; during the 1960's taught us a great deal about how to

' teach better mathematics; 6uf very, little about hn:w to teadh mathematics better..The mathemalician will, ,

quite 'likely, agree with both parts of this statenier.t. The layindn, the parent, and the elementary school
teacher, howiver, question the thesis that the "new math" was really better than the "old -math:: At bestvthe
fruits of the mathematics curriculums"revolution" were not sweet. Many judge them to be bitter. ''

While some viewed die curricular changes of-the 1960tto be `;revolutionary," othels,disagreed. Thomas C.
O'Brien of Southern Illinois University it Edwardsville recedtly wrote, "We have not mad any fundamental
change in school niathematics."1 He citerAllencloerfer who suggeSted that a curriculum which heeds the ways
in which young children learn mathematics is needed. such a curriculum 1,vcrulti be based on the understanding
of 'children's thinking and learning. It LI one thing,howeie?,"to recogniie that aconcepthal model.for mathe-
matics curriculum is soundand necessary and to ask that the child's thinking and learning processes be heeded,
it is quite another to translate these ideas into a curriculhm which can be used effectively by the ordinary '
elementary school teacher working in the ordinary elementary school classroom.

1

Moreover, to propose that children's thinking processes should serve as a basis for curriculum development ,

is to presuppose that curriculum makers .agree on what these proceiges are. This is not the cate, but even if it ,
were, curriculum makers do not agree on the implications which the understanding of these thinking processes
would have for curriculum development.

. In the ,real world of today's elementaly4chool classroom. where not much hope for drastic changes for the
better can be foreseen, it appears that in order to build a realistic, yet sound basis for th$mathematics curricu-
lum, children's mathematical thinking must be studied intensively in their usual school habitat. Given an'
opportunity to think freely, children clearly display certain 'patterns of thought as they deal with ordinary
mathematical,situationa.encountered daily in their classroom. A videotaped record of the outward manifesta-
tions of a child's thinking, uninfluencedby any teaching on the part of the interviewer, provides a rich source
for conjectures as, to what this thinking is, what mental structures the child has developed, andhow the child
uses these structures when dealing with the ordinary concepts of arithmetic. In addition, an intensive analysis
of this videotape generates some tonjectures 'as AO the possible sources of what adults view as children's
"misconceptions.'" and about how the school environment (the teacher and the materials) ':fights" the child's
natural thought processes..

*N. -
.

The Project for the - Mathematical Development of Children (PMDC)2 set out to create a more extinsive and .

reliable basis on which to build mathematics curriculum. Accordingly, the emphasis in the first phase istp try
to understand the children's intellectual pursuits, specifically their attempts to afquire some hask mathemati-
cal skills and concepts.

_

The PMDC, in its initial phase, works with children in grades 1 and 2. These grades seem to,comprise the
Crucial years for the development of bases for the' future ,learning of matheinatics, since ley mathematical
concepts begin to form at these grade levels. The childien's mathematical development is studied by means of:

- 1.

1. One-to-one'videcitaped interviews subsequently analyzed by various individuals:.

2. Teaching experiments in which specific variables are observed in a gronp teaching setting' with fivek to
fourteen children.

3. Intensive Observations of childreN in their regular classroom setting.

4. Studies deigned to investigate intensively the effect of a particular variable Or mediunf on commtnica-
ting mathematics to young children. -;

t

e

.04 II.

-

1,1VhST Teach Mathematics?" Thee Elementary School Journal 73 Feb. 1973058-68. to

r
2pMDC is supported by the National Science Foubdation, Grant'No.,l'ES 74-18106-A03.
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5.. Formal testing,_ both group and one4o-one, designed to provide further insights into young children's

mathematical knowledge.

The PMDC stacf and theAdvisory Board wish to repbrt the Project's activities, and findings to all who are
interested in mathematical education. One meant for accomplishing this is the PMDC publication program.

Many individuals contributed to the activities 'of PMDC. Its Advisory Board members are: Edward Begle,
Edgar -Edwards, Walter Dick, Renee Henry, John LeBlanc, Gerald Rising, Charles Smock, Stephen Willoughby

and Lauren Woodby. The principal investigators are: Merlyn Behr, Thm Denmark, Stanley. Eriwanger, Janice

- Flake, Larry Hatfield, William McKillip, Eugene D. Nichols, Leonard Pikaart, Leslie Steffe, and the Evaluator,
Ray Carry. A special recognition for this publication is given to the PMDC Publications Committee, consisting
of Merlyn Behr (Chairman), Thomas Cooney and Tom Denmark.

- Eugene D. Nichols
Director of RMDCE3
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PREFACE

This piiblication _intended to,,share with the reader an investigation of the relationship between-first grade
children's understanding of written mathematical-symbols and a specifically defined "teadiriesi"Sacior based
on verbal facility with the concepts to be symbolized. The investigation was a d_issertatton study submitted to
the faculty of the University of Geprgia, 1976. . ',

The data from the PMDC Fall 1975 Testing Program were used in this investigation, and the results of this
investigation were given to the PMDC principal investigators for possible'use in their studies.

A

The author of this study in indebted to the fgllowing' PMDC persOnnel for their advice and support
thioughbat the study: Merlyn Behr, Tom C9oney,,Tom Denmark Larry Hatfield, Eugene Nichols, and Leslie
Steffe. A special debt of gratitude owed to the author's major professor. William ye:Killip, a principal
investigator for, PMDC. Thanksare:also due Janelle Hardy and Maria Pitnerl.for handling the publication oithis.-,
disseitation. r
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An Investigation of Oral Factors in Readiness for the,Wcitten .

.

Symbolization oft Addition' and Subtract,Con. '' t,.....).

. (Under the direction of,WItLIAM D: MCKILLIP) . \ .

4

Thfs 4tpliy" investigated chi.dren's understanding. of mathematical
I

4
.

oncepts, writt.e4,i.;vmholizatI,rn of these concepts,, anda specifically.'
.

.

.

. , .
, !

`defined "readiness fa. )r 'This rea3intIssfactor was defined as: -

follows:
..,

t
.

. i
Gjven'a topic in Aement.,iy'mathematics, there are gets Of

.objectives, whi,h indicate ma,sterof the topic. Omitting '

. 'those objectiVes s.-onoern with reading; writing, and speed

of response, a ch'ild is ready f'or die. introduction of the

symbolization of the topic oliaene.Pasmastered the

objecties of the torSic verbally, perhaps with the aid of
- . -

pictures or manipulatives. I

. .

This study isbased on the assumption that written'mathematical,y

, symbols are simildrto written language symbols. When a student'is,

learning either'type.oe symbol, he must associate th e symbol to a

meaning. The language symbols are first associated With known sound

.

symbols, and the sound syrhbors arouse meaning in the mind of the child.'.

./ It is possible Opt written.arithmetid s dsboltshuld also first be

associated with known sound symbols. In other words, verbal facility

1?

may be a'readiness.factor for learnt g the written mathematical symbols.
14 ,

-, ..

the, subjects were 38 first. grade students at Barrow Elementary .

a" ,..,

)

-School, Athens, Georgia: In Septem er. T975, bie, subjedtts were

.clssified as read or not' ready a

6

cording to spoies op a readinesstest

based on the de i itign of readinesS. The subjects were paired by means

s'
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r ,
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Of 1e- readiness test s.)res and Key Math Test scores. This resulted

I

I

J

:s

o

,r-

1,11 eleven pairs of not ready subjecIts and eight pairs of ready-subjedts.

. .

One membef eachpair was .randogilv assigned to an immediate simboli-
.

.
. .

.
'

nation group and the other member as,,,igned to a delayed symbolization
, ..

stoup ti
0

All subjects received 12 %.'4eks of,tnstruction in introductory
. .

a.1,,iitic;h and subtractitillh. The immediate sy mbolization groups of both

ready and not readysubje.c.ts experie;ted .1 treatment in which written

symbolization was introduced simultaneously with the oncepts. The

delayed symbolization of ready subjects experienced a treatment :n whiCh

sym6Olization was delayed for five weeks. The delayed svool-
,

ization_group of not ready'subjerts experienced a treatment which

n symbolization was delayed until each subject was judged to he.

rea:d on the basiS of the above. definitioh.
__,

.
. _,---) ---

O .
,

.A posttest mas desined to measure the subjectvs ability to

'nterpret, produce,and state answers to number sentence's. Astudent's
. .

.

meaningful learning; of the Symbolization ofsaddition and Subtraction was
, P..

.

de5ined in terms of the subject's ability to produce, interpret,-and
(

state answers to number sentences. Thus Oe posttest was a measure of

'a subjects meaningful learning of-written symbolization:

The scores of the not ready 'gubjects In the. delayetrsriibolization

group were significantly,higher, a =.,05, oh.the interpretation section

,"" 9

'of the posttest and were,significankly = .10, on the produc...v,n

sectfbn of the posttest then the scores of'the not reasiy.sUbjects in the' .

immediate symbolization group. There were no significant differences

o

betweenthe scores of these two groups on the answer section or between

any of the posttest scores of ready subjects.

1'
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asions
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4

$
(1) Children's reanineAs, as defined above, does not -ffect

,ready_ student's meaningful learning of the 'symbolization of addition

. . '0

and subtraction.

.(2) A. dejay Of symbolVation may cause ready students to 1)4come

.

bored. thus affecting the 'efficiency of learning.
.

(3) Children's readiness, as definedabove, affects not Yead -

students meaningful learning of ase symbo;iza/tion'of addition dnd

subAaction. The learniiit; is more' meaningful if the symbolization

delayed-until the students are rtadv ' ,4k
I

(4) The &lay of synth lization for not ready students fheilltated
, ,

learning!
)

I

S

"V

, ..

index words..i Readiness, Symbolization, Oral Language, Addition,.
_ _...

Subtraction.
.

yj
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THE PROBLEM

The purpesv:9f ttp.s study was to investigate the
', -,

: )
. '

among children's understanding of mathematicil concepts,

ization of these concepts,'and a well .defined "readiness'

.

4

relationship,

written symbol-

for-yritten

9 ,
'-'17-

based on yvhal facility with_ehe concepts to be sym-.)6.
_

, 2 1!.: '
..

bolized. It was hypothesized that readinesSqqr.wrftten symb6lization,
... ,

'

y \

1 as defined, would influence the course of'learnini
%

and the success of
. .

. . !
* . **

0 ..

instrlction. to Order.6o 'test this getwalhypctthesis,a study was
.

designed at the first grade ede'level etilizing the- learning of addition
, - . p

E

and subtition concepts Tor small whole numbers 'and the symbols that
/

express them. litere,are a number'of factors whiCh must be discussed in
6 t'

*4 ' , ."..s

study.presenting the rationale of the present study.

Prior, to the organization of the study, the investigator
r

. examined errors children make in elementary mathematics. In particular,

r
, errors were noticed in, whidh children seemed to be- manipulating symbols

. , .

, y, .

according to their own rules. The investigator felt that.whilelsoMe of

the errors, children
40,

,

of understanding of

0

make in elementary mathematics are a result of leab .
4-

the mathematics itself, others seem to be the result

of confesion.associate& with the written symbolization of the mathe-
I ii

matics. This sdurce of.error could be seen in mistakes children) mlde

when-working with the,written foris of, problems they could correctly

1

S

V

n
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Solve when the problems were done verbally. It is possible that :the

written' symbolization did not have associated with it the meanings,

utilized by the children--when working.verbally%

2

_A child's readiness to learn a topic should always_be considered

before the introduction of the topic. However, a Child's readiness for

,
.

.
.

learningthe Written symbolization of the ,topic, not readiness for

learning the topic, Vidq the' main focus of the present study. Readiness

can be defined in CZ-rms t't ,a hild's prerequisite learning, his matura-

tional stage, and his motivation to learn. ,The present Study was

designed to investigate readiness defined by hypothesized, prerequisites

for learnitv the written Symbolization of a topic.

The learning of the written symbolization of mathematics is

Simi;ar in many respects to the learhIng of the written 'symbolization ,

of language, that is, learning to read. In reading and language

cation. Ita4a1 jacility is 'considered to be an important readiness,
.

factorea.child is not considered ready to read until he has an adequate

speaking and hearing knowledge of the words and sentences he''is expected

to read,- , However, there has been little consideration of the readiness

factor of a spoken vocabulary in relat*on to the mathematical symbols

a child is expected .to read. It' is possible that many children are

. .

.

-*introduced to the symbolization of mathematics before they have an

4

s ---

.ableq to ,speaking and hearing vocabulary in mathematics.

4

-

ERRORS -- CONTRASTS BETWEEN VERBAL AND WRITTEN WORK,_

'There are exampls in children'sawork that illustrate the

contrast between verbal and written work. Thelifollowing exampleskwere

taken

I

from a test administered,to first, grade students at Barrow School

19
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. .

during the Sp!ring of 1975..
1

Foue items on the test required the
4

?

.
...

'1
students

e
to produce an ap,propriate,number sentence for a picture of a

v.*

3

set or, sets of.objects.. Two items* required, the students to write a

number sentence andAtwo items required the students to say a number

senten ce. _Of the 18 s tudents tested,,10 students gave correct number

i'enssentendes,for all four ff and-17 students gave, incorrect number

sentences- aor all foci terAs: 'rhe remaining 11 dtudents said correct,---

number sentences for one or two of the items requiring the stddent to

say a number sentence but wrote incorrect number sentenced for all items

requiring the'student to write a.number sentence.

s.

For example,,when giVen t'he firs picture in Figure 1 and asked'

o

teWrite the number sentence, one child wrote "43." --However, when

.given acsimilar picture,sthe second picture in Figure I, and ,asked to
'1

say the number sentence, the same child -said, "Five and two is seven."'

Another child,.when given the first picture in Figure 2 and

.asked,to write the number sentence wrote, "4 - 2 = 4." However`, the

same child when given a Similarpicture, the second picture in Figure 2.

and asked to say the umber sentence said; 'Seven take, away two"makes
-

five." Both children could give the correct answer verbally, but

answered incrrectly'in

1
William-D. McKillip, "FirSt Grade"Iferbal and Manipulative.' Zde

Study 1974-1975" (Project for the Mathematical Development of Children,
University of Georgia, Athens, Georgia) report of.fyrincIPal Inves-
tigator, No;iember, 1475. (Mimeographed.)

,20
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- Picture 1

4

Picrq 2

, ,
( \ 7

. ,

.4

The child Was askedo to write'

the number sentence- The' child

wrote, "43". .

The child was. then asked 'to say

the number- sent.erice: The,"child

said, "Five and-two i seven'.".
-0

L
1.

icigure 1 >--
.

4

First Grade Verbal and ManipulaEre Mode Study
,

_ -
1974-1975; Responses- of one Child . '''' .

*---- to Picture Stimuli .
. ... .
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Picture 1.

Picture- 2.
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Th4 child was ,asked' tp,write .the ,
.

2/
.°

number sentence. the child
1

wrote, "4 - 2 = 4. If%

J

The child was then askeeto say

0
the number veritenc2.' The; chile

said, "Semen take:away two makes--

five."

Figure 2 ' a`
First Grade Verbal and Manipulative Mode study

0.

1974-1975; Responses of One Child 'r

6

to Picture Stimuli
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MEANING.

,Since the children in this study were learning the symbolization

,

of addition and'subtraceiOn for the first time, it was important that ...:

the learning be'meaningful. .In the thirty7seventh Stearbook <of the

National.Cduncil of.Teach,:rs of ..lathematics, Folsom stated:
. .

, . ,

-2

....din the arty kages &f learning', a primary goal is to

.help the child move from physidal world situations to the

. abstract ideas of operating on'whole'numberS., . . . Although

'the child does determine sums, proficiency in colliPuting is

not, the goal of .!arly instruction.2

this study,. the definition of meaning of the symbolization of

4
. 4

addition and subtraction is a modifiCation of.*.the definition used by;

Fordham-
3 who conducted an investiqmation,0 the nature of meaning.

Paraphrasing Fordham, the meaning of an arithmetic syMbol or g
. 4

4..
, .

40.- . ., 4,

symjpols is a'pairing in the mind of an indiviaual of the symbol, at
I, , t

. .-
.

_e -^,' OP' i s \.

symbols, with some action that is appropriate forAhe symbol, the. '

pairing in the mind.can be accomplished in ond'ot two ways. The in,.

dividUal could be given the'symbol and he then
_At

as referring to an action., On the ,Oeher hand; the individuaL could be

t interpret the symblk

°shown an action, or told a description'of an action,and he then must*

'produce the 'symbol or, symbols that describe theaction.

2
Maiy Folsom; "Operations on Whole Numbers'', Mathetfa'tizcTOL'-

Learning in Early ChWhood: ed, Joseph N. Payne, Thirty-sev'enth
Yearbook of the National Coundil of Teachers of Mak.lematics (Reston:

. National Council of Teachers of Mathematics, 1975), p."162.

, *

3Dennis 1.t,Fordham, "An Investigation 'of Third,--Tou'rth, and

Fifth Graders' Knowledge ,of Meanings f Selected-Symbols Associ4ted

with Multiplication of.Watiole-Numbers" (unpublished. Doctoral - i- -,

dissertation, TheUniversity.of Georgiak 1974), pp. 7=8,:

.
.

fP

.

4



.7.

1
° 7

. %

c_.. . * .

symbols
.

In order for a group of ,rep'resenting a'concpter -

,
\ operation to be"meaningful to a child, the

:
concept or operation itselfchild,

. e .

r
-must first be Meaningful to the child. A concept or operation:is

meaningful tb a child when the child cad pair the concept or operation.

,

to an appropriate ,action. For example,.the operation of-addition is

1SSumed to be meaningful to a child if the child can Pair, in an ipter-
J

pretative sense, a question such as, "How much are three and th-ree?': to

the action of the joining of two sets or to an act such as counting, The

child also demonstrates that addition is meaningful to him by producing
,

the operation that is appmpriate for the action, i,e., the child might

respond 66 the union of two.sets by sayilag, "Three and three are six."

The symbolSof addition 'are meaningful to z child if the child _

can pair symbols such es y,3 + 3 " to the union of two sets or an

o act such as counting. Again the pairing in the 'child's mind-can be

%

demonstrated by interpreting the symbols or.by prOducing-the Symbols.

It is possible,'as illustrated by the contrast between

children's: verbal and written work, for.the verbal, represen,EatiOn of the

operation or concept to be meaningful to a child, while the child may
) ', .

lack meaning for the written symkolization of the.operation or concept.

For example,.as previously described in Figure 2, one child was pre-

sented with a picture ipustrating the number sentence, "6 - 2 =4""and,
.

the child Wrote, "4 - 2 =.4. " How,ever, thesame-child when presented

4

%.1th a similar picture and asked to'say the number, sentence answered

correctly. 'The child dethonstrated that the verbal reprsentation of

6 .
.--

the'operatjon'of subtraction was meaningful to him, whilethe written

symbols of subtraction were not.

49,
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READINESS-

ReadinesS is a general concept which has been applied to a

8

child's preparedness to 1,,gin an;44 learning task. Much of the work in

.

readiness has been in the. related fitlds of language and reading edu
:, Oar._
cation:- Downing and Thackray def-the readiness for learning as

.

. .
the stage firstly when .the child can learm easily 1

viand /without 4motional strain, and secondly, When the child-

canlearn profitably, efforts at tqaching give -* '

gratifying resufts.4'
rL

-1.7.

'111

The exopost facto niEGT-e- opt this and other sibillar'definitions of

readiness prevent the use of the definitfOns to assess a child's

readiness for learning.a topic; before the topic ig Introduced.

4 more workable description of readiness ig that a child's.
readiness ter Learning a topic is.a-funetideof the .child'sematuration,

mo...ivation, and prepfiratlon. The child's physical mturation, his
0 ,
r

motivation to-learn, and his preparation in terms of mastery of pre-,

ga,

. requisite learnings-are'assessable before the introduction of a topic.

In the presentstudy, emphasis will be° on a thild's preparation in
. -

terms of mastery kiT prerequisite learnings.

In reading- and languageeducat.ion, the

child is usually considefed to'be an important

'read. Bond stated that, {'Language facility ins

linguistic ability'of.tlip

'factor for learning to

one ,of the More important

4John Downing and D. V. Thackray, Reading Readiness (London,:.
-

University Of London Press Ltd. , 1975), P. 9.

74k
`7,
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readiness factors that are ...0efi itely, trainable."5 Tinkez..,and -
. 7

\.
KpCulrough state, "The4reafei. ability to comprehend material

)

pr sented'in Oral foEm,
.

the greater the Proficiency in'the use-of,oral

----:

language, the more ready the child will be for beginning reading.
u6

.,

.. .....:

...
,

When the relationship between the symbols of.language and the i

. ,

-s.symht,l-o-fAmathematics'is

considered, it is pos'sible that verbal fa-
'

cility, with the language of mathematic* or Aihsuistic Ability,in math-
.

.- .

ematics is a re.adiness factor for the meaningful learning of the

'.symbcils of mathematicA.1

41

AN ANALOGY TO READING

'.Similarities.beeween.readingband mathematics were summarized

by:Hickerson who sltated:
.

. -

Since arithmetic is a-system of symbolism jdst as
language is'a systemof symbolism why shouldn't the
accepted principles underlying the understanding. and

use of,lafiguage-symbols apply tcc,....theuntiarstatidij_gl and

use of arithmeti6 symbol.s? It. is the writers convict

plat. they should apply.?

Hickerson also emphasized the importance of,verbal facility with
, ,

language and arithmetic symbols'in these analogiet front his,list-of

-- .

: -

1

parallel implications for teaching:',--

C'N

5 V°Guy L. Bond and others, Pre-piithers, Three of Us, Play with Us,

Fun with 4s1, with Teacher's'Guide. (Chicago: Lyons & Carnahan, 1954),

6
Miles A. Tinker and IConstancekM. McCullough, Teaching Ele-

mentary Reading (New Jersey,:i Prentice-HaWinc., 1975), P.,97.

. 7J. Allen Hickerson; "Similarities Between Teaching Language

and arithmetic ", The Arithmetic Teacher, VV(Novembesr,s1

1 '

'
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Language is Learned Best When

Oral vocabulary aqd sentence
structure are acquired in rela-

.

tion tothe learner's experience
by listening to and talking about

the things experienced;

Written words are read as

symbolsrstandin'g,fOr already':
known spokenwords;

10,

Arithmetic is Learned BestWhen'

Oral language is
acquired, which represents in
complete sentence form the-
the quantitative relation in
problem situations

Written arithmetic
'symbols are introduced as short-;:

hand ways, of writing already

known spoken words;!3.

Note tatthe written words or written arithmetic symbols "stand for"
. . ee

. .., , A
or. "are introduced as short hand ways of writing" already known spoken

,-.

words. Thqs Hickersop implies that in beginning

beginning reading, the ability to verbalize Ike written symbols in

complete sentence 'form should be learned prior to the written symbols.

ThiIS could 'be interpreted to mean that verbal facility is a readiness

_ factor that coptributes to the understanding of.the written symbols

of arithmetic.

Theories of language deVelopment confirm that verbal or, spoken

language is, primary anti .that written language is secondary. and de-
_

.

-pendent on *verbal language. The linguist Hill states that .;a11-

writing.sxsteffis are essentially representations of the forms of speech

rather than representations of ideas or objets in the nonlinguistic

world. Hill gives several:reasons for this assumption. Flist 2
the

-

fact that speech is older than writing and second that all of today's
110V 0CAA

communities of men have speech ,or language but not all have writing.

8
Hickerspn, p. 243.

t

9Archibald A. Hill, /nttoduction to LR 4guistic Structures, From

Sound to Sentence in English(New YorkT Harceuri, Brace & World,

1958), p.. 2d
o

0 0
0
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He also states that, "Written symbols can be understood, ,furthermore,

'insofar as they fit into a,kinistiC structure. . . . There 'are

t

. -

animal and insect "languages" that are based on something other, than

sound; for example the language of bees is based on body movements.

HilluStates, however,-.iat ". . . no human language is so constructed.

. .

Eyen the manual language of the deaf is derived from the, preexistent

spoken language of-th eacammunity.4 11

The results of a research study by Tatham also imply that

written .1anguagels_dependent on spoken Language. Tatham investigated

whether children read better when the reading material is closely

° related to'the children's oral language.,Thesstudy was restricted to

second and fourth grade children. She found dhat ,"a signimficant number

of second ana fourth graders comprehend materialiwritten with frequent

oral language patterns bette'r than material written with infrequent oral

12
language patterns.. " 12 Tatham concludes that ". . . it is logical and

in keeping witti'linguistic knowledge to use children's patterng of .

..
-.

. language structure,in written material to facilitate learning the
.,

"13400
=concept that spoken and writte41,1anguage are related. "13`

--.
. ,

. , .

Iducatptsin language and reading education seem co be applying

the fhpory that spoken lapguxge is i0.mary arid that written symbols- are
,

S

10
Hil 1, p., 3.

11
Hi 1, p. 4.

12
Susan Masland Tatham, "Readiog Comprehensjon of Materials

Written with Select Oral Language Patterns: A'StUdy-at Grades Two and
pur," Reading ResearchQuarterly, II (Spring 1970), 423.

4

13'
Tatham, p. 424.

2 S
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,based on sound symbols. When describing the teaching of reading, Alien

-stated:

If we are concerned with teaching reading, we do not

now make the mistake of the teacher of phonics whO puts

the cart before the horse,by beginning with the written
letter and talking about sounds as the powers or value of

a letter. Instead, by beginning-where ttle child begins,

with his already attained control of sounds, we proceed

with a systematic association between sound and visual

symbol ,
.u14

10'

It does nOt'ieem to be the case, however; that the relationship'

a

between written symbols and oral symbols is used when teething mathe-

matics. The investigator reviewed two widely used first grade'arith-
,

metictex.ts, the Silver Burdett first grade text
15

and tile-Addison:-

Wesley first grade. text.
16

In these texts, the symbplization of ad-A.;

dition-and subtraction is introduced simultaneously.with the concepts of

addition and subtraction. Some verbalization of, number sentcices'is '

suggested min the teacher's directions, out it is suggested that this

verbalization accompany written symbolic number sentences. It is

possible that an adequate oral(vocabulary of symbols and sentences in

arithmetic is an important readiness factor for the meaningful learning

,
of 'the written,symbOlizatiOn of arithmetic as well as the written .

14
Harold B, Alien, "A"pharcis for the Institute," The English ,.

Language in the School Program, ed. -F. Hogan (Illinois:, ,National,

Council' of Teachers of English, 1966)., p. 5-.
4it

1 5 John F. LeBlanc and others, Mathematics, Tea chers Edition 1,

(Morristown: Silver Burdett'Compan, 1970.

16
Robert E. Eicholz and others, Elementary SChool,MathemAics,

(Menlo Park: Addison-Wesley Publishing Company, 1971)._

e
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symbolization of language. It was the purpose of this study to inves-

tigate that possibility.

DEFINITIONS OF TERMS

Meaning of the'Symbol "a + b = c" or "a - b =:c"

A meaning of the symbol "a + b = c," or "a -IL = c," is pairing

f in thind of an individual of the symbol with some.action that is

appropriate for the symbol. The'appropriate actions are those which

lead from a representation of the problem to an answer to the question,

"How many are represented by the symbol?" This definition was para-
.

phrased from Fordham
17

with' modifications as to the type of'operation.

6

An example of an appropriate action for the symbol "4 - 2 = " would

be to construct a .set of four objects and remove a set of two objects

and count the remaining objects.

Demonstration of the Meaning of a Symbol

An individual may demonstrate that he:-knows the meaning of a

symbol in qne of the following <two ways:

(1) Given a symbol or symbols, the individual must interpret
4.

the symbol or symbols by describing or carryitig out an action that is

ap0OprOte for the Symbol. For example, to interpretthe symbol

.sh

"6 - 2 = an individual must describe ni carry out an action

similar to one of the following:
4

"(a) Construct, or draw, a set of six objects and remove

.

a set .of two objects and count the remaining objects.

17
Fordham, pp. 7-8.

101
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.t.

(b) Demonstrate, o'r draw, six jumps forward on a number

.line and two jumps backward and report final

position.

14

(c) Say, "Six minus ode is five, and one less is four.",c

or, "Six:minus three is three, and one lore is four.",

etc. '

(d) Construct,dr draw,a set of six objects and a set

of four objects and compare the sets; then state,

"Six minus two is four."
A

(2) Given an action or descriptiOn of an action which is appro-
--

gria.te for a symbol or symbols, the indVidual must produce the symbol .

or SV-mbols. For example, when shown one of the preceding actions, the

individual mist produce the symbol " 6 7 2 = 4."

''Readiness for the Symbolization of a Topic in Elementary Mathematics

Readiness for the symbolization of a topic in elementary math-

/

ematics is defined to mean the following: Given a topic in elementary

mathematics, there are lists of objectives, the attainment of.which

indicates mastery of the topic. Omitting those objectives that are
4

concerned 'ith reading; writing, or speed of response,.a child is

ready for the introduction of, written symbolization of the topic when

he has mastered the objectivvrOf the topic verbally, perhaps with the

aid .of `pictures_^_or manipulatives.

. .

Readiness for the Symbolization of Addition and Subtraction .

J
The fol,lowlag specific definition of readiness for symbolitation

of Aaition'and subtraction is based on.thv objectives used by the k

3.1

4
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school in which 0.he study-was.conducted: A Child is ready for the

symbolization of addition and subtraction when he has mastered the
s

'following objectives verbally, perhaps with the aid'. of pictures or

'manipulatives: 0

4./

(1) Gilien objects or a-picture that-illustrate the union of

two sets the student states,the sum and.says the

number sentence.

(2) Given a collection-of objects, and given verbally an

addition nu mber sentence, a + b = c, the student forms

sets having a and b elements respectively and illustrates

the .union ofi the se and states the sum.1
.

(3) Given objects or a cture that illustrate the removal .

-or partitioning of a subset, the studerit'states the

difference and says the number sentence. - $

.

(4) Given a collection of objects .and given verbally a sub

traction, number sentence, a b =.c, student forms A.

set having a elements and removes IDE' partitions a subset

,haying b elements and states 'the difference.

This definition of .readiness-does not include operations on a number

line or missing addend problems because the "topic" a's usually presented

in the subjects' school.Oid not include these items.'

Readiness Test

The readiness test is a test based on the Objectives outlined in

the definition of readiness for the introduction of addition an,

subtraction. It was constructed by the investigatdr,and used fo'

=

clas4fy students in the study as "ready" ,or '!not.reaciy." tchild was
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classified as ready if the child demonstrated mastery of the items on

the readiness test. A child was .otherwise classified as not readyt The

test is included in Appendix A, and a further explanation of the test
I.

and.mastery-of the ems is included in Chapter III.

Posttest

The posttest is a test constructed by the investigator to
4

evaluate the subjects' ability to interpret, produce, and give answers to

addition and subtraction number sehtences. The test is inclucipd'in

Appendi/D and further explanation of the test is in Chapter III.

Ready-delayed Group

Ready-delayed group, or (12D), refers to the eight first grade

subjects who were classified as "ready" on2the basis of the readiness

test and whillexperienced a treatment in which 'Written symbolization of

addition and subtraction was delayed for five meeks.

42,

Ready-immediate Group

Ready-immediate groupor (RI), refers to the eight first grade

Subjects who were classified as "ready" on the basis of the readiness.

test and who experienced a treatment in which written symbolization of

addition and subtraction were introduced simultaneously with the

concepts.-
.e .

Not Ready-delayed Group

Not Ready-delayed groups or (ND), refeis to the eleven first

grade subjects who were classiAed as "not ready"son the ba'sis of the

readiness test and who experienced a .treatment in which written

33
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symbolization of,addition and subtraction.was"delayed until"the children

were judged ready:-

Not Ready-immediate Group.

Not Ready-immediat group, or (NI), refers to the eleven first

grade subjects who were classified as "not ready" on the basis of th*

readiness test and who:experienced, a treatment in which written symbol-,

ization of addition and suttraction was introduced simultaneously with

fr

thd concepts.

4 STATEMENT OF THE PROBLEM

The purpo'se of this study was to investigate whether childten's.

,readiness as previously defined influences the efficiency of learning
Oki

and the meaningfulness of learning the written symbolization of addition
. ,

.and'subtraction by first grade children. The influence is hypothesized

6'be in the following way:
.

(1) Children who have'not reached this state should learn

more efficiently And the learning should be more

meaningd1 if the symbolization is delayed. until the
,

children have reached this state.
;

.(2) Children who have reached this state should learn more

efficiently and the learning'shouldLbe more meaningful,

if the syMbolization is introdficed immediately.

STATEMENT OF.HYITTHESES

The definition of the demonstration of meaning given eaflier

required that the student interpret given number sentences, produte

34
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number senCences when given certain actions on sets,,a1 state answers

to op'en number sentences in both casesC It is assumed that 5he student -

who can do all three of, the aboVe for a given symbolic-number sentence

dem9nstrates that the symbols are more meaningful to him than to a ...---

. .t, -. ,

student who can do only one or two of the above. Thus to measure mean-
, '

ingfu1ness, the posttest was divided into three sections: a section-in.

which the subjects were required to.interpret number sentences; a

section in which the subjects were requVred to produce number sentences;

and a section in which the subjects were required to produce answers to

opernumber sentences.. The following null hypotheses were tested:

(1). With students classified as ready by the readines's test, the
o .

time of introduction of symboliiation.will have no effect on students'

ability.to:,.

0 a) interpret addition number Sentences.

b) interpret satraCtion number Sentences.

.interpret addition and-sbbtraction number sentences.

'prOducei addition number sentences:

e) pr2Ouce subtraction number sentences.
1.

Prorsitce addition and subtractioh number sent nces.

g) state answer to addition number sentences. \

.. h) state answers 'to subtraction number sentences. ',

i) state answers to addition and subtraction numberiFenences. ,,

h .. .

j) interpret; produce, and state answers to adOition.nuTber

A
sentence's.

.

:

k) interpret, pioduce, and state answers to subtraction number

-sentences.

:3:)
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.

1) interpret,, produce, and state answers to adchtijii and

subtraction number sentences.

(2) With students clasdified as not ready brtthe readidess

'19
,,.

J

OP"

test, the tine of introduction of symbolization will have no effect on

lt," '

student's ability to: s.
, 1%1'.

, 4

1

a) interpret addition'number sentences.

b) interpret subtraction number sentences.

c) interpret addition attd subtraction number sentences.

d) produce addition number sentences.

e) produce subtraction number sentences.

f) produce addition and subtraction number sentences.

4

g) state answers to addition number sentences:

h) state answers to subtraction number- sentences'.

i) state answers to addition and subtraction number se ienced.

str

d

.6e

j), interpret, produce, and state answers.to addition number
/

sentences. 4.

k) interpret, produce, and state answers to subtraction. number

sentences. 13,

Il) interpret., produce, and state answers to addition and
-/

subtraction number sentences.

SIGNIFICANCE OF THE STUDY

Today, the widespread belief in the, importance.of readiness is-

evident in the fact that most first grade children are grouped on the

basis Oe'',;;;Me:form of readindss test at the beginning:of the school,

I. ,
year Children who" are not ready for first grade work wouldthen do

-4

essentially kindergarten work for a period of time. The present study -'

,
- t

4

41- 1
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was designed to provitie further inforAaation in the area of readiness

_ fOr learning mathematics. rn rticular, the study will provide in -,

formation concerning readiness for the meanirigful learning of the

,,symbols of mathematics.

The present study also provides direction for replication and

parallel-studies.. The, definition of readiness utilized in the present

study is easily adaptable to other topics at ether grade levels.

Finally, work in the area of reading and mathematics has begun

to Corm a link between concepts in reading or, language education and
\)

'concepts in mathematiCs education. In ,_t.he opinion of the investigator-

.

, the combined efforts of edUCators in these two fields may have con-

sidgrable significance in.mathematics education. The 'present study

, .

suggests an area of this common interest.

Ii

:3 7
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Chapter II

4.

REVIEW AND ANALYSIS OF RELMED LITERATURt

...

The purpose of this chapter is to and analyze the

literature related to the'present:study. The present study was an

application in the area of mathematics ofa theory eoncerniq readiness .

for learning the written symbolilation of language. In order to apply a

theory of readiness for symbolization of language to arithmetic, it was

necessary to examine the similarities between language symbols and

arithmetic symbols and the learningi
1

of each. Nickerson sumtarized

% these similarities.. Some of the similarities were noted in Chapter I;

a more extensive discussion will be presented hk re.

.HickerSron's statements and the rationale of the present study

. .

are based on the assumption that written language or written symbols aie

.

dependent on oral language or oral symbols. Therefore a disc sion of

the linguistic theories, a reseaIch study, and physiological evidence

.

'that support this assumpcioniwill be
...

rpresented in chips chapter.
. -

9i

Since the present studx
T..

was an investigationof rea'diness,,sev7
. . i

eral.theoyes of readiness for maty.tic. , Leading, and language will
,

..

be di§eussed. The emphasis, howeve, will be on the radiness theories
e--,

applied in rea41ng and language dcation...

. IJ. Allenlickerson,-"Similarities Between Teaching LA'nguage
and Arithmetic,'" The Arithmetid Teacher; VI (November, 1959); 241.
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In the present study, readiness for written symbolization of--

r

addition and subtPaction was investigated in terms of a child's fftn-

....

ingful learning of the written symbolization of addition and sub- (

_Fraction. It was therefore necessary to precisely define meaning of a

*written symbol or symtcols. The definition of meaning used here was

adapted from Fordham.
2

A more extensive discussion of Fordham's defi-

de,

nition,and other definitions A` meaning will be presented in this,
. \ i .

...
4

_ ,
,

.

*

.
.-4 .. 11

chapter. .

The only study found in which'symbolization of arithmetic was

delayed for a group of children was by Coxford.
3

A description of

Coxfor&s study and the relationship of Coxford's study to the present '

study will conclude the review4of literature.

S

SIMILARITIES B'ETWEEN LANGUAGE AND
ARITHMETIC' SYMBOLS.

.

Hickerson expressed the main idea behind the present study when

- he stated:

Since arithmetic is a system of symbolism, just as

langudge is a 'system of symbolisms, why shouldn't Ole

accepted principles underlying the understanding and

use of language symbols also app4 to thb uhderStanding

and use of arithmetic symbols? IL is the writer's

conviction .that they Should apply.4

C

2-Dennis' L.Jordham, "An Investigation .of
\
Third,Fourth,-and :,

Fifth Graders' Knowledge of the Meanings of Selected Symbols Associated

with Multiglicationof_Aole Numbers" (unpublished poctoral,disser-

tation, The University,tf Georgia,.1974), p. 8.

.

3Arthur Coxford, "The Effect of Two Instructional 4proaches,6n

Fhp Learning of Addition and Subtraction, Goncepts in Grade'One" (unpub-

'hed Doctoral, dissertation, The University of Michigan,1985).

..4

Hicker,son, p. 241,,
, :39
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The present study was an application of.some odf these.princIples, those
. 4

addition and subtraction to

d-'

23

concerned with readiness, to the teaching of

first grade children.
4

Hicker'son listed the following similarities between

arithmeticfsymbols:,

ire '

Language

1) Language symbols (words
or sentences) represent things,
actions, ideas, relationships,

.etc.

2) The meaning of langilage

,symbols dAive[s],from that
-fthey represent.

.
_Hickerson implied that arithmetic, symbols

language and

Arithmetic

1) Arithmetic symbols
(numerals and numbers with
operational signs) represent

aelPonsoddeas, rela-
tionships, etc.

2) The meaning of arith-
metic s9nbols derive[s].frodr
that which they represent.) .

0-

(numerals, operation

relation signs) form sentences in 'much the sane way that language words

are combined to make sentences. The meaning of a language sentence or

an arithmetic sentence is dependent on the thing, idea, action' or

relation that the symbols represent. .

Hickerson suggested that the wtittiin words'or symbol stand for

al'read'y known spoken- words ox'symboli. 'Hickerson also implied the
J t .

dependence'of wt'itten words or synbOls on spoken words or symbols in the

following list '15f similaies betweendearatelanguage:and learning

Hickerson, p. 241.

mo.
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Learning Language
1 41'

3) Listening to spo en

word - symbols.'; singly' and in

sentences, which. represent the

,things, ideas and events
experienced (Learning vaca-,
b.ulary and sentence strueLtre:)

'4) Representing things,
ideas, and events through oral

language symbols. ( Learning to

express -selfannelated
experiencedkorally.)

24

Learning Arithmetic

3) Listening to spoken
wotd- symbols, singly and in
sentences,'which represent

the quantitative aspects;
quantitative relationships,

or quantitative problem-sit-
utionsjound in the things
and,events experiented.
(Learning the vocabulary and
sentence structure used in -

describing things and what_ is.

happening. to thingS.)

4) Representing quan-
titative aspects, rela- .

tionships, aniproblemsit--e.
cuations orally. (Learning to

express orally in sentences

the quantitative situation,
learning to compute orally,

and solve problem situations
orally.)

5) Identifying written
'arithmetic-symbols and. re-

.

lating them to spoken word-

' symbols' and 'to first-hand.

quantitative. experiences.

- (Learning to read arithmetic

symbols with meaning.)6

HiCkeKson implied that Writteh symbols re rel4ted to spoken symbOls

,114

45)- Identifying written -

,language-symbols,an'd relating

the*to spoken-language-symbols
.rand to first hand experiences.
(Learning to read with meaning.)

when the =child is learning to.read ariehmetic.or language symbols,with-

.

meaning. Evidence,to support this implication, for-language Symbols will,

/N-
.

p

ge presented below. When one'examines the 'Similarities between language
. -

and arithietic symbols,, the implication also seems plausple for arith--
,

.

-metic symbols.;

-!,

6Hickerson, pp. 242-243.
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DEPENDENCY OF WRITTEN LANGUAGE SYMBOLS
ON ORAL LANGUAGE SYMBOLS

Thetinguist Hill Stated', "The final face iS that all writing

systems are essentially representations of the forms of speech, rather

,than representatives of ideas or objects in the nonlinguistic world.

According to Hill, linguists and anthropologists assume that if the

remains of any past community show signs df social orgahization, the

community must have had some form of language. Artifacts of such com

munities have been found that are much older than the remains of any

communities that had writing.

IOW

The theory that oral language is primary, and that written

language is secondary and dependent on oral langaugeis also supported

41.0

by Fries, a linguist whose special field is the historical and de

scriptive study of the English language. Fries states, "Language must

-come first. In comparison with the tremendously ancient activiopy-

_
of talking, the proceSses of writing and-readiu are much later in

kopmenEions.
,t8 Fries alSo states that :"An understanding of the nature and

functioning of language must form the foundation upon which to build an

understanding of the derived processes of writing and reading."9 A

e 7
Archibald A. Hill, Introduction to Linguistic Structures, .FKom

Sound to Sentence in English (NeW York:_aircourt, Brace & World, inc.,

1958), p. 2.
'

8Charles C. Fries, Linguistics and Reading (New York: Holt,

Rinehart and Wingeon4',Inc., 1963), "pp. 113.4.

9Fries, Linguistics and Reacling, p. 113. ,

. 4 2



discussion of the literature in reading education, which tends to

support this Statement, will be presentedalater.

26

Tatham'investigated'whether children read better when the

reading material is closely related to the children's own language. A

.
previous study on oral language ptfterns of.lecond.and fourth grade

children waSoused to determine "frequent" and "infrequent" oral language

_patterns. Two reading compxehension tests were developed. Test A was

,compIrsed of frequent oral language patterns and Test B was composed of

infrequent oral language patterns. All children took both tests but

tr.

some children took Test A first while others took Test B first. The

order of, testing was determined by random assignment. Tatham found

that "a.significant number of second and fourth graders comprehend

material written with frequent oral language patterns better than

ft

material written with infrequent oral language patterns.
0
,

The main conclusion of Taeham's tudy was that heginninvielding

materials should be written to more closely approximate the structure 44V

a child's speech. Her study also implied the dependency of reading on

spoken language; children had,better comprehension of reading material

which more closely approximated their own speech.

There is also physiological evidenCe supporting the theory that

written language is dependent on oral language. Lost people engage, in

silent or implicit speech when they are reading...,Silent or implicit

speech occdrs ali7;11,reading when minute movements occur in Ehe muscles

0

10Susan Masland Tatham, "Reading Comprehension of Materials

Written with Selected Oral Langua&e Patterns: A Study at Grades:Two and

'4 Four," Reading Research Quarterly, V, (Spring, 1970), 423.

1"1,)



that would move if the same words were whispered or said alo
,/

people produce the same movements in theirohana while reading.

0

. 27

Davies reviewed andsummarized-theresearch,from 1868 to 1970

, . . -
,

that pertained to implicit speech and reading. He concluded that prior
-

1960,

the accumulated opinions of specialists in the fi of

reading'-,support the theory that-implicit speech,may id

(reading) comprehension in the primary grades but at'it

can be a deterrent to adequate rate in the intermediate

and upper grades.11

However, in 1960 Edfelt reported the results of his experiments

with implicit speech and concluded that "silen't speech is universal

during silent reading; it increases with the - difficulty of the material)/

efforts to eliminate it should be discontinued."
12 The review by Davies

of the implicit speech research from 1960 to 1470 indicated that most of

the researchers during this period ageed withgEdfelt. In hit' sUmmary

,

of the research from that period, Davies confirmed the fact that

implicit'speech is a normal adjunct to the:reading-proce

that it a_natural develdpmental comprehension reinforcer;

and that consequentl y,_classroom techniques for its repression

should be minimized, if not abandoned altogether.13

The fact that'implicit speech accompanies silent reading and

that most researchers:think silent speech actuilly aids reedifig

11William C. Davies, "Implicit Speech - Some Conclusions Drawn

from Research,"Some Persistent Questions on Beginning ReadLng, ed.

Robert Aukerman (Newark: 'International Association, Inc., 11972) p. 173.

12Ake W. Edfelt, Silent Speech and Silent Reading, (Chicago:

University of Chicago Press, 1960), p. 154.

13Davies, p. 174 .

.,
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ocomprehension is further evidence that comprehension of written language

is dependent on spoken language.

READINESS

In-mathematics education, th %re seem to be three main theories

concetaning,readim4s. Some educators subscribe to the. theory that

readiness is a function of the cognitive development of the child. This

view of readiness was summarized by Shulman:

To identify whether The child is ready to learn a
particular'cOncept or principle, dne analyzes the
structure of that to be taught and compares it with
what is already known about the cognitive,structure
of the child ak that age. If they are consonant

'1it
can be taught; if they are dissonant,. it cannot.

A second theory, t.jhat of Bruner, also consideri the cognitive

.development of the child but in addition includes the childi,s readiness

for different levels Of the subject mater. Bruner's statements,-". . .

any subject can be taught effectively in some intellectually honest form

to any child at any stage of develophent",
15

characterizes this theory.

Bruner's position is-that one need not wait for the child to reach a'

certain readiness state, but one may modify the material to be t ught

to copform to the child's immediate readiness state. Bruner further

clarified his-position, when he said,

14
Led S. Shulman., "Psycholo&i.cal Controversies in the Teaching

of Science and Mathematics," The Science Teacher (SepteMbef, 1968)._ _
pv 36.

4
A

A
15

. . Jerome S.- Bruner, The Process of Education (New ork:. Vintage.

Books, 1963), p. 33.

45
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"Readiness, I would argue, is a function not so much
Of maturation - which is not to say that maturation is not
important - but ratlaer of our intentions and our skint at
translation of ideas intothe language and concepts of the
age we are,teaching.nI6

A third theory, and the theory of readlness to which the present

study is most closer related, is that readiness is. a function of pre-

requisite learnings. Gagne described.this theory in the folldwing

statement:

Each learner approaches,each new learning task with -(
a different collection of previously learned prerequisite
skills. To be effective, therefore, a learning program
for` each child must take fully into account what he knows
how to do already'and what he doesn't know how. to do
already."17

In reading and language education, readiness is often viewed as

a function of prerequisite J.earning's. .owning and Thackray stated that

. . . readiness does not necessarily imply that a'nhild
achieves'this state only through growth or maturation.
He may also arrive at readiness through having completed
the-prior learnings on which the new leainings will be
based.18

One of the more important "prerequisite learnings"' necessary for

beginning reading that Downing and Thackray describe is a yell-developed

Oral Vocabulary.
J

16
Jerome S. pruner, "On Learning Mathematics," The Mathematics

Teacher (DeceMber,, 1960),q p. 610.

*'N --) 17Robert M. Gage, "Some New Views of Learning and Instruction,"

1
\IN Delta Kappar, (May,,i970), p. 468.

,

18John Downing anD. V. Thacray., Readin& Readiness (London:
University of London Press Ltd.,1972), p. 9.

iA a.
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Other educators in reading and language education consider a

child's oral vocabulary'or language. facility to be an important pre-

1-
. requisite for learning to read, 'Henceforth, when the terms :'language

facility" or "verbal facility" arb used they will refer to facility with

spoken language rather then written language. AcCording to Bond, there

is also an advantage in that "langUage"facility is one of the more im-
. t

ipprtant readiness factors that are definitely trainable. "19

Language facility is also considered to be an important reading

readiness factor in the approach to the teaching of reading, learning to

read through experience. This approach is-based on the argument that

meaning and understanding in reading must have their basis in the

experience of the child. A child beginning to learn to read through

experience will often have the opportunity to build his own reading
1-,

materials; thus the child will be reading about his own experiences in

his. own language. A different approach is also taken toward teaching

phonetics. A chf14 is taught td symbolize his own speech sounds rather

than assign a soundto a symbol or symbols.

Lee and Allen*list the following as some of the bagic as-

ptions-behind the aperoach to /earning to read through experience:

Reading is concerned wiEh words that arouse meaningful

respoeses based on the individual experience of the learner.

Words have no inherent meaning.

Spoken words are sound symbols which arouse meaning

in the mind of the listener.
,

, 19
Guy L. Bond and others, Pre-Priiers, Three of'Us, Play With

Us, Fun with Us, with Teacher's Guide (Chicago:, Lyons and Carnahan,
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Written words are visual symbols, which when associated

wCth known sound symbols, arouse meaning in the mindof

the reader.2° -

Zee and All n implied that it is-the spoken words that arouse meaning.

The written words must first be associated with spoken words, and the
1

-`,spoken words then arouse meaning. Thus an adequate spoken vocabulary is

an essential prerequisite for a child to learn to read through expe-'

.

fl

Tinker and McCullough also emphasize the imPqrtance of spoken

words in beginning reading. Tinker and McCullough stated:

For the beginners learning to xead entails learning
that printed symbols stand for speech. The child reads'

when he says 'the correct printed words and recognizes ,
f their meaning because of his..previous -experience in --

comprehending speech in meaningful sequence. He

discovers 0that printed words
sense.21

It is possible that the printed symbols of,mathematics as well as-

language.may lack meaning to.many childr'en becau e the children lack the
, .

- .

adequate verbal-facility
0

necessary to make the printed symbols "tails
R 0,

sense." According to Tinker and McCullough, "Only when, the printed

symbols stand for words used meanideully in his own speech is the child

ready 'to read iuccessfully.
u22

Harris defines beginning reading in much the same way as Tinker

and McCullough. Harris stated: C
<

20
Dorris M. Lee and R. V. Allen, Leaining'to Read Through

Experience (New York: Appleton .:- Century - Crofts, 1963), p. 2.

2621Miles A. Tiniler and Constance K. McCullough; Teaching'Ele-
mentary Reading (New Jersey: Prentice-Hall Inc., 1975), p. 7.

22
Tinker and McCullough, pp. 81-82. .



We may define reading as the act of -rssponding with

appropriate meanjing to printed ,c5r written verbal symbols.

For the beginner,....reding is mainly' concerned with learning

to recognize the prtnted symbols which represent speech

and to respond intelleCbually and emotionally as he would

if the material were spoken rather than printed.23

32

It. seems, -therefore, that many.;eading experts believe suc-

cessful reading is dependent on the "child's 'ability to' relate the

writ ten symbols to 'spoken symbols. The

between written symbols and the meaning

spoken sYrnbal, provide. a link

to be assigned to the written

symbols. when this link is broken, i.e., the child does not haye

adequate-verbal facility, the child cannot assign meaning to the written

symbols. For,this. reason, verbal facility is an important readiness

'factor for learning to read. When one also 'considers-the similarities

_between language and arithmetic symbols and the learning of:each, it

-seems plausible that verbal facility in saying the words represen</by

.
arithmetic symbols might be a link between the symbols and thlikky

meaning. Therefore, verbal facility with arithmetic',symbols is plau-

sib1e,as*a readiness factor for learning to read And work with arith-1-%

I

meticsymbols.-

Some people may argue that arithmetic symbols are a form of

:language bur are a foreign language. In leatnin.g.A_Lareign language, .
.

verbal facility with thewlangligge-is also important. 'Fria considers

.....:.4...i.-.:1_,..
,

.

verbal fgdilgg...00:IfldpOrtant in the learning of any newpdanguage:
.
e

- ...

.
.

'

Fries states.:

23
Albert J. Harris, Hon To Increase Reading-Ability: (New York:*

Davis McKay CoMpany, Inc., 1970), p. 3. Itka

4 9
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No matter if the final result desired is only to
read the foreign language the mastery of the funda-
---1-
mentalsiof the language must be through speech. The

speech is the language. The written record is'but

secondary represen.tation'Of_the language. To "master"

a language it isnot necessary to read it, but it is

extremely doubtful Whether'one can really read the ,

language without first mastering it orally.24

4 0
In the present study, arithmetic symbols will be viewed as part(

of ,a first Language, not a foreign language. However, it is import ant

to not that even if arithmetic symbols are viewed as a:foreign

language, verbal facility is still a link between the printed symbols

and their -meaning.

K.F.SNING-7
44444

'Since the purpose of the present study was to investigate ,

whether the attainment of the previotsisly defined rea iness state affects
%"

the meaningful-leerni 'the symbolization of addl

it was necesSary.to'T define meaning of a symbol

as applied to matheme is pm CrtrlOpkid ea
..:-, &I -.z?f ar ,i' .

.._. Btownell. Accordinto Brownell, meanings "6"A4.4: mu
,., ..- * .q.

so

dmt

mathematical relationships
4.25 0generaliiattons, and principles. ",

' A second definition of meaning, or meanin

of,Ausubel who ,state's, "Meaningful learning tak t)

'of the subilece itse,fs; Ain

c

24
Charlei C. Fries, Teaching and Learning English ae.a. Fore in

Languagd (Ann Arbor: Universiti, of Michigan Prpss4 .1945),-P. 6. u

/
.25 William'A .NBrawneil, "The Place of.Meaping in

Ari hmetic,"-Elementary'School Journal, XLVII (Janualis
-

ion and subtraction,

-The7term:smeanin

the WriFingsof-

'64 bA,Sopght, i.n the

.

g

,

*
place t'heearning

fl'f, e2;,.

the Teaching °T
1947), 257.

r
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4p
is related fm.ta nonarbitrary and nonverbatim fashion to the learner

,

s

4, .

existing structure of knowledge.
"26,

Neither Brownell
r s nor Ausubel

, .

.
....

definitions are sufficiently precise to be used to assess meaning.
- ;

A more precise definition of meaning was stated by Van Engen:

In any meaningful'situation there are always three

elements. ,(1) There is an event, an object or an action.

In general terms'there is a referent. (2) There is'a

symbol far the referent. (3) Theie is an individual to

interpret the symbol as somehow referring to the referent.

Thus in an arithmetic situation, the phrase "1/2 an apple"

is the symbol, e-referent is 'the half apple, and-the
interpretatign, if meaningful,is theact of cutting the

apple. It is i ortant to remember that the symbol

4i.tays--refers something outside'itself.27

Thus a 'symbol is eaningful to a child if the child can interpret the

1

syMbol as referring to an object or an action on an object. .It is poS-
,

sible to assess whether or not a child can interpret a given symbol.
40*.

Fordhaeg deEinAkion of meaning of a symbol dlso implied the__

existence oaf a referent and an individual to interpret the symbol as

referring to the referent-or anaction on the referent. Accor g to

.

4

N

FoEdham,

A meaning-of the symbol a x bis-a pairing in the

mind of an individual, of the symbol with some-action

that i% appropriate for the'symbol. The Ppropriate-kactions are those that provide an answer -the
O

"28
question, "How many are represented by the 7mbol?

26
*David P. Ausubel, "Facilitating Meaningful-X:44ml Learning in

the Classroom,fr Teaching Mathematics: Psycholoia61 Foundations, eds.

Joe Ckosswhite and others (Worthington, Ohio: Charles 'A. Jones

Publishing Company, 1973), is. 150. P .

27Henry Van Engen, "An Analysis of Meaning in-ArithmeiC

Elementary School Journal, XLIX (February, 1949), 324.
wer

28. A
Fornnam, p. 8.

It
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The, definition, of meaning of the symbols "a + b =dc" and
.

1 ,

"a - b =lit" in the present study was adapted from Fordham's defi-

nition. It sh
P
uldbe no

,
used in the present study were defined operationally,-thus providing a

e.

Air

d:thnt Fordham's definition and the definition

basis for measuring meaning or lack of meaning associated with a symbol

by ,a child. Fodham stated that "in order to demonstrate that he knows
$

a meaning of a symbol, an indiiridual must either carry out or describe

some action that is appropriate for the symbol.
A29

The child is thus

*

deildnstrating,pkat the ;'pairing in his,mind" of the symbol with the

0.1

referent exists by interpreting the symbol. In the present study, a

a

,child could also demonstrate' that the, samq "pairing in his .mind" exists-

by producinethe appropriate symbol when given 'a referent or action'on

the referent.

THE COXFORD STUDY

Description of the Study

In 1965, Coxford
30 conducted a study in which-he taught six-

.

classes of .first, grade.children far the full schgpl year. The maim

purposes of his study were to investigate the effect of two instruc-
. .

tional approaches to teaching subtraction And the effect of immediate

versus delayed symboliiatiOn.on first grade children)s arithmetic.

achievement. Since only the investigation of the time of symbolization

WY

Jto

29Fordham,
p 8.

3 thiUr 09xford, "The Eqect. of Two Instructional Approaches

on the Learning OfAdaition and Subtractibn,Con94pts in Grade One"
(unpublished_Doctoral dissertation, The University of Michigan, 1965).

. e

a

1I
N.. ) 4

,

o



4

s

--

is directly related to

will be described only

will not be discussed

4 Six classes

study: Previous

-.e

t.
36

the.present study, the instructional approaches

as Treatment 1 and Treatment 2, and the results

three elementary schools participated in the

ievement data showed that four classes were high

ability and two were low ability. Separate analyses were done for the

low and high ability classes. k

a.

The four high ability classes were assigned to one of the two
.

. _

treatments and were degignated as an early or late symbolization group.

The ,low ability classes were assigned to one of thertuio teatmencs;

We was designated an early and the other a.late.syubolization group.

The assignmen-t of treatments and time symbolization of the six classes

are illustrated in Figure 3.

Time .of

Symbolization

Low Ability

Treatmern. 1 Treatment 24 :Treatment 1

Early Class 1 4'Class 2 Class 5
,

Late Class 3 Clads 4e

. t
111 '

Figure g
a

Diagram of Assignment of Classes to Treatments
-In Coxford's Study

f--.

7):3
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In the early symbolization classes, written symbolization of

addition and subtraction was introcticed Simultafteously with the concepts.
11

In the late symbolization classes, written symbolization was delayed for

six weeks. During this time, the classes used the phrase "number

quals."sentence",ba did not use words suchs "plus," "minus " or "

.
,

. ---,Paso during thi's six week delay,-the late symbolization groups were

exposed to written numb;.r sentences of the form "A and B is C"and "C

take away B is A." In the present study,^the delayed groups of children

alsb used the "number sentence," but used the Words "plus,"
'1

0

and'"eqUals,"and were not exposed to written number sentences of

any form:

With the high ability classes, riosgnificant differences in

8
mean arithmetic achievement were foynd between the early and late sy.4-.

bolization groups except in the area of problem solving. The earlpsym- .

.
..

bolization classes scored significantly higher on-prob17.7 solving than

/
1

the late symbol zation

Wi:th'the ow ability classes, no statistically significant

differences were founcLin mean arithmetic achievement. Howeve , the
.

44
. .

.

children in the late symbolization class had consistently greater

dvk
-.

achievement-scores in subtraction application and transfer than did the
I

children in the'early symbolization class. The mean differences, were

statistfcally,reliable when individual differences were controlled by

32 r

the results of the Lorge-Thorndike Iftelltgence_Test.

-

Coxford also std "observations mad throughout the year
r

in the lower ability:Latembolization'Class.4d in /he TA [Treatment 2]
ft

Coxford" p. 98. i'l4CoxfOrd, pf 92.

1

4 4
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delayinglate symboliiatIOI n'class suggested that.the-1 symbolization

facilitated immediate-learning.

38-

f

Relationship to the.PeesentStudy

COXford recommended that ". , .. the effects of symbolization
'

I Ss ..../

%, ,
shoulatbe studied further because-of immediate difficulties with the use

. ,

of mathematical symbolization and betause more symbolization is entering

... , t.

,.

elementary school Mathematics currrcula.
34

The present study implements

I that recommendation, utilizing- a precise definition of readiness for

symbolization.

The main difference between Coxford's study and,the present

study consideration of a child's readiness-for symbolization.

The delay of'symbolization in Coxford's study was similar to the

treatment given the ready children in the delayed symbolization grodp of

the present study. That is, symbolization was delayed for a preae-
-

termined number of weekS. However, in the present study, theThdt.ready
.

, .

children in the delayed symbolization group had sytbolilation delayed

. .

Until the children were determined to be ready. Thus the time of delay

varied- from child: to child.

a ert is_ possible thatmany'of the high abi ty children ri

CoXftrd's study were ready 'for symbolizatio a'ccording to the definition
- '

of readine.ss used in the present study. This could have' accounted for .

t----the higher performance of the early synboliza on classes .especially_in

problem solving. It is also possible that bany.dlithe,lower ability

children in Coxford'-s study were not ready for symbolization. This

t° J

1

23
Coxford, p. 103:

14
Coxford,p. 10.

(

4
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could have accounted for the higher performance of-the late symbol--

,

ization class. It. should be noted, 'however, that 'symbolization was-

.
delayed for the lowe'r.ability children for a predetermined six week

period. A child's readiness for symbolization,was not considered in
,;,, sr .

Coxfors study. 4

.0
,The, between learning Ao read language symbols and

.

,.,.
arithmetic, symbols, linitistic cnnsiderations,-physiologicsal evidence,

C
. %

1. . andopinions'Qf experts in reading, and the'results 'of a research study lead
.

1 IP -,

,

Ato the conc,14ign that a child'sizerbal facility with mathematical
e i

-.:symbols may be an important prerequisite for the chils meaningful

4

. .

learning of, the symbols. This study was an attempt to explore that area.
, . ,

. . .

In Chapter III, the experimental procedures,pd statistical analyses t,
IR.

used in:the study will be discussed.

_

J

I ).

/
=
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5UBJECT, INSTRUMENTS, AND RESEARCH DESIGN

.

The first purpose of this chapter is to describe the subjectS
) ,

/ ,

., who participated in the study anli,the'curFic4um cl the tubjhip ','

f t 5 ;,.. . /
' 4 . ... ' i t

school: The setond purpose is to describe the Itesting instruments and
..,, o . -.

lesspn plans:used in the study. The fin purPo to describe the
...

41

4/1

'research

subjects

. 'tigation

the data.

, ,
s

design, ille., the seletion ofspuhie s, the/assignment of
. .

.
.

.

.

to treatments the cr&atinents,;the gaiheting of data foi inves-
/ /

/
, .

df the hypiotheses, and the 'statistical methods used to analyze
n-. - -- .

,
.

THE SUBJECTS AND THE SUBJECTS'
.

ThkSubjects'

.-1
The subjects wee 38 first grade

' 0.4''''

Eletpentarf-School in-AthtnsGeotgia% When the study began in September,

19'75 ,
the subjects -ranged in age from five years nine months tosix
t

0 years ten months., Of t*subjeCts, y were fimale and 20 were male.

,,

.
Deviation-Intelligence Quotient- 0I00-scores from the Primaiy-,II

.

level of the Otis-Lennon-Medtal Ability Test were available for all -

e
SCHOOL CYRRICULUM

'student's in David b. Barrow

subjeCts. sThese cores mhave a mean of 10dtand a standard deviation - of '

.

e . ,
,

,16.poAts. .The mean DIQ-scOre of thessubjects was 109.66-with a

,
standard .deviation of 15.,74. ThesDIQ scores of the

from 80 to-135.:

'

I

4'

a.

subjects ranged
.
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The Curriculum, of the Subjects' School
.

....

'1

During the school' year preceding the kesent study`(1974-1975),

A
the first grade mathematics curriculum 9f Barrow School was based on, the

objectives of the Individually Prescribed Instruction (IPI) mathematics
. 7-2,1

4 progf4m. The IPI instructional materials were'notsed, but the
..., .

teachers designed and shared
.
materials for their classes using the IPI

.

lobSectiVest/as a guideline.
r p

. . .

The IPI objectives are divided into seven -levels, labeled_from-

,

lowest to Thighest A; B, C, E, F, and G. First,grAie students making
191-

, average progress were expected to have mastered the Level.A objectives

by, the.enil of the schopl year. These objectives are indluded in

Appendix E.
e

The level A objectives were partitioned into the following

sections:
0.

.(1) Numeration and Place.Valu4

(2) Addition *'ana Subtraction

(3) Fractions
Isi ,-

(4) Money .

(.5) Time . .

At-e'irleetin$Arith the fit grade teachers in August, 1975, it

r,

was agreed that the im objectives dnd.teacher's iiptrtictionelimaterials
.

. . . ,

, . .'
,

,-,.! . .

would be
.

used for the first topic, Numeration and PlaCe Value. The IPI, !,

0
,

1

,

dbiextives for this topic were limited to the digits 'zero- thrfugh*nine.
. , -', 4 ,

Itykas a#eed that when the teachers decided most of the first grade'
,

.

children-had mastered the IPI objectives fortnig topic, the prebent

study would. begin. _The leachers also agreed to use the instructiona

I
,..

0
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Materials and objectives
- s

in the first grade.

N.

4

9

t 7"8%dt
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:
prepared for the present study, r,all

TESTING IN#RUMENTS-AND LESSON PLANS"
-

'The Readiness Test

t

As noted in Chapter I, a child was defined,to be Teady for the
.

introduction of symbolization of addition and' ubtraction when he had

mastered. the fallowing objectives verbally, perhaps with the aid of

pi,ctures or manipulatives:

(1) Gillen objects or a picture that illustrate'the Union of two

* *sets, the studeei states the sum and says the number sentence.

."'N

4

a

(2) Given a collectin qf objects, and given verbally an addition

dumber sentence a + b 7 c, where'a, b, and c are small whole numberS

less than 10, the student forms sets having, a and b el ements respec-.

tiyely; illustrates the union of the two sets, and states the sum.
a

*(3)4Gialen oiljects or a picture that illustrate the removal oreparti
.

-t4oning of'a subset, the student states-thedifference and says the

number sentence.

A ,

(4 t) Given a ollection of objectt and given verbally a s_
. . . '

"

'S .

... i 0 Fa.
o

--action

number sentence, a - b t, where a, b, and c are small whole numbers,

less than FO and b < a, the student
s

a set having g4a elements and

...,
.

.
.

.

removes or partitAs a subset having elements and Itates the die-.,,

0
.

,

.s.

ference.

A readinesi test, based on these four objectives was con-,
, .

strutted by the investigator. This test was u sed in the initial stages

of the study to classify subjects as "ready" or "not, ready" for written
4

symbolizatio of 'addition and subtraction. A child wat 'classified' as-

. 59



I

43

"ready" if the child demonstrated mastery of all items on the readiness

'.test. A child waso:herwise classifTed as 'net ready."

During the montic of September, 1975, the first grade children at

(

-,,Barrow,School were administered two tests as part of the Project for the
ity

Mathematical'Development of Children (PMDC). These tests included the
,

:Ly Math Test,
1
4n , individuallyiadminiStered mathematical:diagnostic

.test, and the PMDC Test, an indiyi,duarly administered test prepared by

" ZMDC. To, avoid havinito.disr4pt the school"schedule with a third long
*

0* .
,00.0

4individ ua>odministered-tpst, Selected items from the Key Math Test
e

and the PMDC Testvtiere ursedas-Ipart of the readineSa test. Nine items

were selected from the Key Math Test_and four items were .selected from

the PMDC Test hat were judged to partially assess subjects' mastery of

objectives.one and two of the-definition of readiness given in Chapter

I. The -nine items from the KeyfMath Test required a subject to state a
4 .

sum or difference hen given t 'picture stimulus accompanied by a story,.

The four items from the PMDC Test required a.subject to state a s or

difference..when given a story stimulus.

A bi-ief interview was designe6 by the investigator to further
. - $..

sess subjects' mastery of objectives one and.two and to assess

-subhcts' mastery of objectives three, and foUr of.the 'definition of
4

readiness. Tiro items required a subject-to say number sentences and

_4
11

Austin J. Connolly, William.NachtMan, and E. Milo Pritchett,,

Key Math Diagnostic Arithmetic Test (Circle Pines: American Guidance

Service, Inc., 1971).

2
Project: for

nlaticd Test. Grade 1

Florida, unpublished

;

,
ItheMathematical Ile-velopmftt of Children, "Mahe-

", PHIO'C',' Fl.orida State University, Tallahassee,

, S'eptemb'er, 1975.

4

c

..

0

a
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* .

state sums or differences when...given a picture stimuluS (Items I'and II).

Four items required a subject to manipulate objects to interpret a given

number septenee (Items II1a, IIIb, IIIc, andIIId). Two iteqs required '

a subject to state a sum or difference when given a picture stimulus

(Items IV and V).

The total readiness test-included the selected items from the

4

Key Math Test, the OMDC Test and the interview prepared by the inves-
.

.tigator. The objectives of the definition of readiness and the

readiness test\it'ems are included-in Appendix A. A child was classified

as ready for the iritroductibn of symbolization of addition and sub-

traction if he correctly answered. all items on the readiness test.

'The, Posttest

Since theptrpos'e'of the present study was.to investigate the

relationsgip between c
4

- 1 1. A

their meaningful learning ofthe, writt'en symbolizatio

to deittlop a means of assessing the Meaning assigned

ildren's readiness for written symbolization and

by_the_subjects.

n, it was necessary

to written symbols

-...

. -.-
As noted in Chapter I, at individual may demonstrate chat

.

he

t ,

'knows the meat-ling of'a symbol by one of the following two ways: (1) Given

a symbol, the individual must interpret the Symbol'by'describing or
.4

carrying out an action that is appropriate for.the symbol- (2) Given an

action or description of an action that is.appropriate 'tor,a symb

individual must produce the symbbl.

When the symbol is an addition or subtr ction nnUiber sentepce, ,

.r4a.

it is also necessary that the individual state the correct-Sum or

difference. . It is assumed that the child who can do all three o,f the

.:T

.4`

A
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ahoVe, i.e., interpret°, produCe, and state the answer, for a given sym-

bolic number sentence, demonstrales. that the symbols are more meaningful

°

to.him than they are to a. child whoocan do only,one ortwo of the above.
.1-

Therefore, to measure meaningfulness, a posttest was designed to assess

,a subject's proficiency in three areas: production of number slntences,

interpretation of number sdntences, and statement of answers to number

sentences,
V

7
All possible combinations of sti.muli and responses were Con-*

sidered in the construction of'the posttest; however, some combinations

Were omitted to reduce the length of the test. .Trtcombinationsof

stimuli and response ineludeeon the posttest are illustrated in Table 1.

40.7

Items were included in the posttest requiring subjects fo inL*

Pterpret given number;-sentences

answers to number sentences..

quiring subjects to interpret,

,'`produce dumber sentences,
,

The item numbers and, number

I .
.

produce,'and state answers

and state

of items,re-

.

to number

sentences ate presented in Table 2, Table 3, and Table .4 respectively.

The posttest is included in Appendix D.

.
The Lesson Plans

A unitof lesson plans and activities was developed for the

study by the investigator. The unit consisted of 63 activities, based on

OP

..the Level A IPI objectivesfor addition and subtraction. The nine'-

objectives for the unit, the corresponding IPI'objective's and the

activity numbers for each objective are inclUded in Appendix B.

Each activity was divided into, the.following:sect.pns:

(1.) ConCrete-piGtprial (CP)' i: Lessons n the concrete-Tictotial

sections involved-the use of concrete objects or pictures.,-- The lessons

.
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Table 1

Combinations of Stimuli and Responses
on the Posttest

Production of Answers

Possible Stimuli Possible Response Combinations Combinations

Included Omitted

(1) verbal.numbei (A) verbal i-a 2-A . 1-b 3-b

sentence
(2) written number, (b) written 2-b 3-a

sentence

(3) story problem .

Produccion of NUmber Sentences

- c

Possible Stimuli 'Possible Response 'Combinations Combination

Included _Omitted
*-

(1) objects (a) verbal 1-a 1-b none

(2) pictures (b)' written

(3) story problem
I0

2-a 2-b

3-a 3-b

. * Interpretation of Number Sentences
4

Possible StimUli 'Possible Response Combination's' Combinations

® Included Omitted
.,.

t-
,(1) verbal number (a) picture 1-a 1-b 2-a

..0, sentence
,

(2) written number .(b) objects 2-b

sentence

-

'_t

.

ti
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Table 2

451.5

Item Numbers and Number of Items on Vosttest
Requiring Interpretation of Verbal and

Written Number Sentences

47

/

Additio:"
4

Interpretation

Subtraction:

Interpretation

Total;

.

interftetation

Objects

Pictures

Objects

Pictures

Objects .

Pictures

Numbe'r

Verbal-

Sentence

Written

VIII-1-b VII -a

V-1-b
V-2-b (4) (1)

VI-a

VI-b-
.

(0) (2)

Ntimber Sentence

. Written

VII-3-b
V-3-b
V-4-1-b

VII-4,

-

. 4

:-,- ., .:

101

VI -c

VI-d

.

.

..__

(a--

. .Number Sentence

W-1-b
.V -2 -b

V-3-b

NIII4-b
VIII-2-
VIII-3-b

. Vii-a
VII-b

,

\ ,

V-4-b (7) . (2)

I-a
.,. VI-b.

VI-c .

(0) VI-d (4)

4
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Itet Number and Number of ems on Posttest

Requiring roduction of Verbal and

Written !timbe Sentences . \

4 Addition:

6

Verbal

Number Sentence

Written"

a

Stimuli

% v.

Picture Story Problem 'Objects

11-2

IX-1II-1

(1)

IV-1 4;.

IV-2 111-2 IX-4

(2)----,:(1) . (1)

'Subtraction: Stimuli

Picture Story Problem Objects

11-3

Verbal
11-4

Number Sentence
(2)

Li IV-3

Written N4

Total

Verbal

Number Sentence r;

Written,

. .

111-3 IX -3 ,

(1) (1)

111 -4 IX-2

(1)

S
StiMuli

Picture, Story Problem

11-4

Ii -2 111-3

11-3
(4) (2)

IV-1 1V-4 I 11i-2

1V-2, 111-4

IV -3 a

.L41._ (2)

Objects

IX-1

IX -3

IX -2

IX -4

(2)

(2)

cr
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Table

Item limbers and Number of Items on Posttest
Requiring anzAnswer to Verbal and

Written NuMber Sentences /,

A

49

Addition:

Response.

Verbal

Written

arimuli-
\ ,

,Verbal , ' Written Story 1411

Number Sentence Nuilt5es....Sentence Problem

I-a VIII-1-a III-1

I-b

I-c

VIII-2-a
fr °

1112

I-d (41i (f)

,.iy-lLa

1 V-2-a

_

(0)' (2)

Subtraction:

Response

Total:

;$

Response

,Stimuli "5'

Verbal- Written. Story

SentenceNumber Senence Problem

I 111-3
.

Verbal '1-f
1

111-4

Writen
V-3-av

V -4 -a v-

.Stimuli

(2Y

4 4C.

td,

Verbal Written Story

i'kumb_ei.r-aentence Number Sentence 'Problem

1-a I-e

Verbal
I-g

C."

Written,

o

4f-

.
...,

. VIII -1-a ITI-1 .

Vi;I-2-a 1 I.72

Vi11-3-'a III-3-

-4 '01

(0) -4 -a (4),



:0;'

$:;? 4

o

a

'were designed to be conducted iaa verbal mode with emphasis on verbal-

ization on the part of thp teacher and the students as a group. 'Written

. . .

4 eels were not included in these lessons.
a

(2)r al (1114: Lessons in the "verbal` sections involved oral

4.. responses imarily on the part of the students. The lessons were
'",, /1"-

. ...

O . .

-'designed to.encourage the students to say number sentences When 'given
A. . ,,

07,

.°. :',1; actin iLuret illustrating the number sentences,- and to encourage
I' ' .

, . ,

-.
00..m., ,, students to- interpret given number sentences by describing or demon-

.

o
.

'''strating actions appropriat to the number sentences.
.

, '

I
P (3) Symbolic (S) : Lessons in the sy'nbolic sections involved Wrieten

symbols. These lessons were, de signed to be similar to pages typical ot

first grade arithmetic texts.
-

0

.

Many df the verbal.(Vrlesson plan were marked with the phrase,

";lstr indi tive or readiness ob " The appropriatelb-

.

: 4

jective of tie,unit was inserted in the blank. If a subject mastered -'

--one of these activities fOr.a particular unit objective on two con-
. .

A .

secutive days, he was considered to'-be ready for the introduCtion of the

symbolization for that obj.ective.- Sample activities from the lesson
. 0.

0 ,

_

.

' plans, called the teacher's manual, and sample worksheets aTe included
. % 0

.
0 ,

in Appendix C. .
.

.
.

.
0

,-. . 6

THE RESEARCH DESIGN °

.

I.

The Selection of.Subjects. %log
:'''

..

..
c,

During the month of September, .197.5;-fhe inve#tIptor admi;p:
. . 0 .

.1 r- ,

ist&red the interview section of the.readiness test.to 66 first grade .

childrer3#t Barrow School. Scores on the selected Key Math. Test" and

-, t;
I
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I

'

4
MDC Test iteins were also obtjained'fof the 66 subjects. ,These items

41,

44.74

440

\

.c.....,
were combined with toile interview items to form the 21 item readiness

...s
- ° -:,

.

..ter

tgst. Of the 66 subjects tested, 17 subjects successfOly answered'41
.

,21.items. These 17 subjects were classified as ready for Written syni--

Ass. .

bolization and the /remaining 49 childre&were classified as'not ready':

for written symboli ation.
144'

r-

.. 1
t.T

1
, , *

'The Assignment of Subjects to Treatments \ r .

*.\

'

. .4
Key Math Test'esital raw- scores- were obtainederr) .f the 66

.

.....
....... .

subjects. The.ieady children were paired on the b6sis of tn(eseostores.

. .

.

Except'for one pair, 4. Key 'Math Test total raw' scores of each pair did

e

.
...

1 ,

not differ by more than E1.6 points, i.e., two times the standard erLgr-
°41,*

of measurement i?r the scores according to the Key Math Test manual.
T

,

This pairing proedure resulted in eight pairs ofready children. Ope
. , . y

,
... P

- member of each palr was raddomly'assigned to a delayed symbolization

group.(RD), and the other member was assigned to an immediate symbbl-

.
00.

izationgroup(M).The,
,

Key. Math Test raw score of each subject in each

,
0...____ ,

group and the.mean Key 1,...10.0.Test total raw score for each group are
.

0

reportet in -5. 0.
' ._Table

,

_ . , -'

- Th4 not ready subjects were painted on ihe,basis of the readiness
,

,- , . ,

'`test Scores and,Keylath Test total raw scores. Between each,pair-Of

. .

,

scores, S difference of ode point was all4ed :on the readiness test , '
0..

. ,

'

. -
. ..

s-C.cries and: again a
° difference of 6.6 points was allowed between -the KeY,

,,
4i.; e

Math,Test scorplk Theis' pairing procedure resulted in 11, 1tairs of not
--.

. .

ready subjects. The remainingemaining not ready subjects could not be matched.

-- .

One member from each pair was randomly assigned to a del#yed symbol-
.

.
4 .4

lization group .(ND) and the

.

'other membtr was assigned to am immediate
..

4

; S

ee

'00: 0

o ti

1111



Table 5

_ Ready Subjects
Key Math,Test Total Raw Score of Each Subject

and 'Mean Key Mat Test Total Raw
,Score for Each Group

52

-

Ready Immediate Group
(RI)

R

.RI-__I

N

Sao

Ready Delayed .Group

/OD)

Total Raw Score Subject .Total RaW Score
-------

\ 80 /
-075

71

,
4 - 59

. .:
. 4.:

. 5:5

t
.,

52

RD-1

"RD -2

74

69

-RD-3, --66

iliRD'-4 65

RD -5 . 63
..,

RD -6 . 2 54

.-

RI-7. 49 ._ -.RD-7 52".

Mean 61.12 Mean
je

. 52

61;87

ti

11.

*
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--. .

symbolization group (NI). The readiness test score and Key Math. Test"

total raw score for each' subject in each group and the mean readiness

53

test score and Key Math Test)toEal raw score of each group are reported

44" .

in Table..6.' .
.

. ,,,,z.

The overall method of selection of subjects and assignments of

.
.

subjects to treatments is diagrammid in Figure 4. The selection and

. . .
.

assignment of subjects was accomplished in September, 1975. During this

time, the sut;jfctt were working on.the IPI'objectives for numeration and

place Value under the direction,of, their regular teachers.

The Treatments

At the time of the present study, Barrow School. had four regulas:

first gradeteachers, two aides, and'two interns fromithe University of
. ,

Georgia elementary education program. All Of these people agreedto

participate in the instructional _part of the 'study. In addition, the..

inVestlgator and a doctoral student in mathematics education at the

University of Geo.ggia-also, 'participated in the instructional part of the

study. The teacher aides were assigned groups,of students who were not

in the study

, ,

who needed remedial work with numeration :. Thus the

eigWinstructors in'the study included the four first %rade teachers,.
..

two interns, one doctoral student, and the inVestigator. Ehch of thea

four treatment grOiaps was divided between two of the eight instructors.

There were four,sreatment grougs in the study:the Ready Delayed.

'-Symbolization group (RD),-the'Ready,Immediaie Symboli4ation group.(RI).,

the Not Ready Delayed Symbolization group (ND), and the Not Ready

'Y' . . . 4

Immediate SymbtlizatiOn gyOup MI5. Additional first _grade chicdren

lk
. . ..

.

who were not included in the study were assigned to the various groups
.,..,,

o

t
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0

Table. 6

I.

a

54

- Not Ready SUbjects '16)
,

-KeV Math Test total Raw Score and Readiness Test
Score of Each Subject and Mean

Scordg of Each Group

4

Not Ready Immediate Group Not'Ready Delayed Group
(ND)" ,(NI)

Subject ReadMeas Test 'Key Math Subject Readinesi. Test Key Math

Score Test Score

NI -1

NT-4

NI-5

NI-6

NI-7

NI-8

NI-10

Means

17 /A. 57

17 49

16 40

15 39
.

14 42

I.2 31

7 /7

7 79 ND-8

6 34 ND-9

5 33 ND-10

4 ,, 31 ND-11

10.90 37.45 Means 10.82 -... 37..91

0

Score 'Test Score
)

ND=1

ND-2

17
, .

17

57

-

NDr3 .15 Al

ND-4 15 , 40
It .

ND-5 14 43,

ND-6 12 0

-ND-7 . - 7 N4...ft6177

*7 29

6 31

5 35

4 31

e

t
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by the teachers,The_instibctors..of
all treatment grbups used the unit

on addition and' subtraction-prepared for the study, but the time of

introduction of symbolizatiov was varied for the different groups.

Each of the four treatments was &)nductedmultaneously for a
4b'

?
12 week.period. The RI and'NI groups were combined fdr instt uctional

.

purposes; these two groups were taught 1-.) four regular teachers at

Barrow Schobl. The subjects in these groups experienced a treatment in

which written symbolization of'additiop and subtraction was introduced
.1 .

simultaneously with the concepts. These groups were therefore similar
1

to control groups since, in the typical first grade curriculum, a concept

and its symbolization are usually.introducedtogetheir. The subjects in

the-RI and -4I groups wprked all three,sectiobs of each activity, the

cencrate-N.ctoriar, the verbal and the syMboily sections. 9

The subjects in the RD group were divided b4tween the two

- ,

interns for instructional. turposes.
,

' The subjects in this group expe-,

Arienced a treatment in which wr tten symbolization was delayed for five

weeks. *It,r.its originelly p nned that the symbolation be deldyed for
4- ,

six weels,.but Observati sduring the fifth week Indicated that the

subjects Fere ,beeoming bored and frustrated. Th e su jec worked'hnly.'

r4
.

thy concrete-pictorial and veri1 sections of activity during the

fi've week delaylReriod% At the end of the. five, week de lay, the subject

worked.the previously skipped symbolic sections of each activity. For

. J 4

the remainder.of_the study, these subjects worked.all three sections of

each activity.
.

'

The subjects in the' ND group were divided between the inves-.

,

tigator and a:docioral student for instructional purposes. The subjects.

in this group experienced a treatment in which written symbolization

eq,

0

a
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WA$ A,elayed for each subject until the subject was judged to be ready.

57

A subject was judged to be ready for the symbolization Of each-of the.

nine objectives of the instructional, unit when he had demonstrated,
I

mastery, on two consecutive-days, of a verbal section on an objective

that was marked with the phi-ase, 7Mastery indicative of readiness

obj. .." Ideally, once a subject demonstrated mastery of these

sections,)the written symbolization,of the objective would then be

introduced to the.subject. However, for practical reasons, this intro-
-- A-

delayed fdr a few days until several other

to be ready. During the delay peritc4 these

,duction was sdmetimeS

--"")
subjects were nudged

subjects worked only

subject had mastered

viously skipped S sec

the CP nd V sections of each activity. 'When a

an objecti e verbally, he then worked the pre-

dons' of activities for that objective. The

A.
'subject then proceeded to the-actiyities for the next objective, but

again worked only the CP and V sections until the objective was Mastered

A
,verbally.

The Data Statistical Methods,

a' 1

,44bs

^ After tAe twelfth week, the-posttest was administered to, all-

*

,

subjects. Scores on 12 sections of the posttest were recorded for each ,

.

.subject. Each score was related to one of the 12 null hypotheses listed,

q"

'in Cfiapter. For example, the score related to hypothesis 1,-a or 2-a-
.

was the number of addition number gentences correctly interpreted.

Each null hypothesis for both ready ancnoi ready subjects was tested by

r

/01

t

o
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-

the Wilcoxon Signed Ranks Test procedure described by Conover.
1

_The',

'.1VPotheses were tested at the'level of significance a=. .05.

Confidence intervals were also constructed tor each Blithe

twelve null hypotheses for both ready and not ready subjects, The690%

dr%

and 95% confidence intervals were constructed bY a geometric Con-

s;uction procedure described by Conover.
2

Although the activities unit included some activities,

on missing addend- number- .sentences, i.e., number sentences of the form

a + '= c or a = c; none of the subjects in the present study had

been introduced to these Activities at the time of the posttest. The

posttest contained six items-1 hat reciared work faith missing addend

number sentences,, items III '-5-4,TIII5=b, IV-6-a, and IV=67b.

,

'The data for the e item were analyzed separately from the ..data for,the

other items in t e posttest, The Wilcoxon. Matched Pairs Signed.Ranks

procedure descri ed by Conover was used to-test t1e nub l hypotheses

3. -a: The't

qltready subje,te

of introduction pf symbolization will'have no effect

ity to state answers to -and prodUce missing.

addend number sentences.

.111W

C

41.

3-b: The tim4 of introduction of symbolization will have no effect

on ndt ready subjects' ability to-state answers to and podiace.missing

addend.n umber sentences.

4 c

t
, 1

W. J. Conover, Practical Noaparametric Statistica"' (New Yozik:

'John Wiley and ;Ohs, Inc.;-1972) 'pp. 206-215.

A

2
Cohover,.pp. 216-2237

3Conover, pp. 206-215.

- 1.,

I ()

t
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A record of the number of activities worked for each unit

objective by each student was collected. pis date was to be used as a

measure of efficiency of learning.

Summary

'

The subjects were classified as :readyor not ready on the basis
4

of a readiness test designed by the investigator. The, subjects were

4
paired and one ,member of each pair was ,randomly assigned to a delayed k.

symbolization group and the other member was assigned to an immediate
*14111,

symbolization group. The immediate symbolization groupsoof both ready

and not ready subjects experienced a treatment in Which written symbol-
.

itation of ddition and subtraction was introduced simultaneously with

the concepts. The otelayed symboiIzation group of ready subject ex-
114-

.

perienced a treatment in which written symboli tion was delayed for

five weeks. The delayed.symbolization group o not ready .tubjects

exper4enced A treatment in which written symbolization was delayed until,

the subjects were judged to be ready, 4

A posttest designed---to measure subjects' Meaningf 1 learning was

adminittered to all subjects. It,was hypothesized th-at e ready.

34, .

subjects- in the immediate symbolization group would demo trate that the

4,:

symbol's were more meaningful to them than the subjects in ,the delayed
m.

.
symbolization group. It was also hYpotheAzed that the not ready

. 4b ,
:

.

to

g I

subjects in the delayed symboliiz4ionwgroup would dfmonstlate thatthe.

c.

symbols were more Meaningful to them than the subjects in the immediate

1/4.

tymbolzation group,'
41P

Additional information was collected during the study for ex-

ploratory purpoges. This informationincluded audio and video tapes of

6

many of the instructional sessions, subjects' recor ds and instructotilge)

6

z

4 1

4*.

0 e;
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notes for each lesson. The use of this information in..the ex-ploratory?..:
...

aspects of- the study will be discussed in Chapter V:'* The statisticalw :. .,

analyses of the data, tlre results of the hypotheses testin,g,': and the-

confidenc'e intervals for each hypothesis will be pillesented in Chapter IV.

.

.
. r
- r

.
. .7.1,,..
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Chapter IV

ANALYSIS AND INTERPRETdION,OF THE DATA

1.

The pu'rpose of this cOapter is to describe the statistical'anal-

yses f the data and to describe the use Of these analyses-to test twelve

null hypotheses related to meaningful learning of both ready and not
v-

.
,

4

ready su ectsc A diAcussion of data collected conserning eTficiency of

C
a the analyses of data collected concerning missing addendlearni

proble also be presented.

The Res arch Hv ;theses

THE 4ADY SUBJECTS

4

The resew ch-hypothesisrelated to the ready subjects is that if
41

*".'"*.1,- .

a seudent is 1eat-for,symbolization of addition and subtraction, he q-

,i

'"
will lea symbolization in a more meaningful way if the.symbo17,
1

/ zation is \inttoduced immediately rather than'if it is delayed. The
I

.

,

.

previouslyreasoning behindtfts hypothesis is related to the rev,iously defjned

. 1
,

:Tiot, readiness state,
1
If the attainment of the. readiness state does effect

, 1.

,.
i

the course-of learning aid the success of instruction, the-learning of

4-4 a,student who has a morethis readiness state would be moe meaningful-
,

=if the, symbolization is introduced to him immedlitely. A delay in' in- 4

4

troduction would be inefficient.
1

A

In the present study, a subject's meaningful learning of the

,symbolization of addition and.s.ubtractj.on was assessed id terns of the

61

Jr
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subject's ability to interpret, produce, and state answer. to number

sentences. The posttest used in the present study was designed as a

measure of a subject's ability to interpret, produce, and state answers

to number sentences; thus the posttest was a measure of a subject's

meaningful learning of the wr tten symbolization of addition and sub-

C.S
dr

traction. It was assumed thAt ubject A demonstrated that the symbols

of addition and subtraction were'mgre meaningful to him than to Subject

ii: (1) the total posttest score of Subject A was higher than the

0
swre of Subject B, or (2) the score of Subject A on section of the

posttest was-higher than the score of Subject B, and the reverse was

not true on- -any other section of the posttest:. If the score of Subject
,

....

A was higher rsthin the score of Subject B on one section and the reverse . a
.._,

was true on another section, only the total posttest score could be

uses to determine which subject demonstreteothat the symbols were more

meaningful to him. -
':--

Information concerning the research. hypothesis was gained by

usingtesting the foLlowIng,null hypotheses sing the data from the two

groups of ready subjects:
1p,

(1) For students classified as ready on the basis of the readiness

- test, the time of introduction of symbolization will have no effect on

students.' ability to:

Nib

.7,

a) interpret addition number sentences. ,

b) interpret subtration number sentences.

c) interpret ad ion and subtraction number sentences.

d) RrodUice add' number sentences.

e) produce Subtraction number. sentences.

f) produce addition and subtraction number sentences.

..,



0

I"

63

g) state answers to addition number sentences.

h) state'answers'to subtraction number sentences.

i) state answers Co addition and subtraction number sentences.

interpret, produce, and state answers to addition= number,

sentences.

k) interpret', produce, .and state answers.to'subtraction-number

sentences.

1) inteuret,"produce,' and state answers to addition and sub-

traction number sentences.

The Hypbtheses Testi4g

Scores on 12 sections of the:posttest were recorded.for each

subject.ih of 'the 12'scores of a subject was related to one.pf the

,

12 null, hypotheses. For example, the score related to `Hypothesis 1-a

4
was the number of addif... sentences porrectly-interpreted. The

spores of each subject. relatdd to each hyg thesis'is included' in Ap-

pendix Fg Fcrleach hyliOthesis,,the data consisted of eight pairs of

i*

I.

scores, (X
1
=, Y

1
) (X

2'
Y
2
),

:
. .. ,

.

(X
8' 8

here X
1'
is the Score of

\
,

' , .,

;he ithsubjectinthedelayedsYmbolizationgrOup(0),mdY.is the
t 3.

score of the i
th

subject in the immediate symbolization group (RI).
. 0 .

. ...

'1
.

Each. null hypothesis was,:testea by the Wilcoxon Signed' Ranks

lest prodedure described by Conover.
r

In'the-model for this procedure,
.

. _
..,

,
.

the population median of the differences, D
i i
= Y - Xi,, is .denoted 4.507

\ - , --,- '

Each Di has a probability of .5 of exceeding- d ,and a 'yrobability-of ' ..

,.. tr

. , ;

.5 of being less than d
50

If d
.50

IR,,'O,,theii each D
i
has a probability ,-..

. . . (
. ;''''. - .

1W. J. ConoVe;T1Practical Nouparametric
-

JOhn Wiley and Sons., wlnc. , 1971) kip .

`

206-215.. 4" fl?;.; ..

,

:, 1. ..- 7 :.:
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of .5.pf being positive; i.e., the Y. score Ls larger, end a probability

of .5 of being negative, i.e., the X
i
'scordis larger.

The follow,ing are listeby Conover? as' the assumptions of the

model for theilcOxon Signed Ranks Test:

(1) Each D. is a continuous random varible:

'p practice, no Measured random variable is continuous because

'ofthefinitepcapacityofmeast4inginsEruments.However,eachD.6s a

measure of a difference between two subjects' abili&y to interpret,

produce, or state answers to number sentences. Ability is a continunl

variable, thus each D
i

is a measure of a continuous variable.

(2 The distribution of each Di is symmetric.

EacTID.is a sample from a population distribution. Since one

member of each pair of subjects in this study was tandomly assigned to a

0

treatment, each D. has a pNbability of .5 of being less than zero and a

probability of .5 of being greater than zero. Thus the probability dis-
,

tritnitiori of eatC11 is symmetric about zero.

(3) The D.'s are Mutually independent.

The scores X. aid Y. are mutually independent

each D. =, Y. X. is mutually independent.

""' Thus

D

(4) The D.'s all have the same median.

.1

zero.

The Probability

eall the IL's nav

measures; thus

%a.

distribution of each D sfias the median: zero.

fame probability distrikutfonlliedian,
.

`2Conover, p. 207.
,

t
,.

I
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(5) The measurement scale of the Di's is at.least interval.

.. ... ,..

The ;distance between two,D.'s may be expressed as a number of......%

1

units; thus the measurement scale of ahe'D:is is at least interval-
... 1

The, following statistical null and alternative hypotheses were

used-to.test each of the twelve null hypotheses:,

H d = 0 -,
0' .50

H1: d.50 #-

The alternative hypothesis may he stated as,'"The values of the

the scores of the In group, tend to be larger or smaller thin
'

the Y.s,
'

the scores of the RI group." If it were found that d < 0, it would

beassumedthatvaldesof,theX.'s tended to be larger th the values
1

O. A

the Y.'S. If it were found that d
.50

> 0, it d be as 1.. d that the
.

values of the X.'s tended to be smaller than the values of theY.'S.

-

Using the data for each of the hypotheses, the differencei,

o

%

, 1N.=Y.--X.T.Tere. computed for pair of scores, and the D.'s were
2 , 1 1, . 1 .

41
.

ranked without regard to sign. The test, statisticYr was the sum of the-'
, . - ,

.

.ranks of the positive D.'s andN was the'number of D.'s no.t equal-to zero. °

- l ,

The test statistic T was comoared with quantiles W. -A5 .;,and W,, of the
i '",

t .

Wiktoxon.Signed'IlankS Test stat-istic listed by Conover.
3

The:value of

. .

.04.
N and the comParison'quantiles W

.025
and W

.975
are presented.in Table 7.

_..,
.. .

../.

,,,..1

. ,-.
.,----:----- . ,

Summary

JO

None of.,thetWelVe null hypotheses concerning the effect of the

time of introduction of symbolization on ready students. ability to,

interpret,,oroduce..or ...State answers to aaditibn or subtractioa,number
,_ ..

I.

3 CO
o-ve'r,_.:*0.-.*,
.

--°-

,
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Table 7

The Ready Subjects
C

q

.

-...-.

The Values of N, the Test Statistic T, and the Quantiles

and W
.975

for Each Null Hypothesis
.025 .

ti

Hypothesis - Task
\

1-a Interpret-i-

-
17b Interpret 4-

,

1-c . Interpret +,

I-d"

.

Produce.*
% - .

..

1-e Produce -

1 -f
4

Produce-+, -
.

1-g Answer
, .. ,,
1-h' Answer

Answer.4-, r

i -j _Interpret, Pro'duce, & Answer *

1-k A a' Interpret,, Produce, & Answer

Intel-pret, Produce, & Answer +,

N

-

N

3

4

6

4

4

5

,8:

7

8

y

3.

8.5

16

_7.5

3

10.5

13

10.

20

19'

22

22 :

W
.025

0' 6 r

0

1

Q

0

-0

1..

1

0- -

4

P

6

10

/0

10

.10

15

20

20

25

32

25

'-,

...

0

\_

. i

1.

17-
.

O

. .
,

DecisiOn Rule: Reject 4.1
0' 50

d = 0 at level of'Agnificance ci,= .05
. .

.
_

if the value of T exceeds the value of or is
.

,
'.

1004

ri

less than W025'
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sentences, or both, were rejected at tie level of significance a .05:

Also, none of the twelve hypotheses wouldliave been _rejected

level of significance a = .10.
r.

'As previousiy notes, a measure of.a subject's. ability to

terpret, produce, and state ,answers to addition and subtraction ny ber

sentences was used, to assess the-,sybjectrs meaningful learning of 'khe

written symbolization of addition and subtraction number sentences

.
Thetefore, the _results of-the- hypothesis testing do not support th

research hypothesis that the time of introduction of symbolizatio will
.

affect ready students' meaningful learning of the written symboli ation

of addition and'subtraction.

The* Research Hypotheses

THE NOT READ bSUBJECTS

)

The research hypoOlesis (elated to:the'not ready subjects is..

that.if a sttieent is not ready for symbolization of addition and'.
'

traction, he'will learn the,symbolization in a more meaningful way. if

.- .

, .

the symbolization is delayed until the student is ready. The reasonirk
.

. .
.

behind this'hy156thesis is also related -to the previously defined'
.

.- -

readiness-state. If non-attainment.of this 'readines6 state does effect
.

-the course of learning and the successeinstructIon, the learnig,of.

,

a student who has not attained this readiness state should Be more mean- .

- .
t,

s"ingful if the symbolization is delayed until;he student iseady.
o

the same assumptions, those"related to the'asSessment-of the

meaningful learning of Subject A versus Subject B that were made-

the-.ready subjects also' applied to the not ready subjects. Information

e

a 5,

is
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about the research hypotheses was gained tiy testing the following huil

rt. 0

hypotheses':

(2) For students classified'as not ready on the basis of the

readiness test, the time of introduction of sym8olizicion will have. no(,

effect on students; abi14y to:

(a) interppet'additionWumber sentences.
k .

@ (b) interpret subtraCtion dumber sentences. ,

interpret addition a4,1d subt,FaCtion. n6mber senttnces.
0

' (d) produceaddition mlimbersentences.

4

4

(produce addition numbersentences;'
.

,
.

. L
0.0.

__ ,

.
4-

*.-- ...4111, (f) produce addition,and subtraction number sentences. -

.

...

(g) stateanswers to addttion'number sentences.

: --4-

(h) state answers to Subtraction number sentences.' )1 . ' .1.-

,

'v.

The Hypotheses Testing
4t, , f -0

, .° ,,__ Scores on 12 sectci6r
.- yere re cois of the posttjt rded fqx each:.

\.
.

4. subject. As\with the ready' subjects,each-*Wcore was related to, ode a - 'Or

,1

.
,

. .

,
,

the Iligiell hypotheses., for each-hypothesis, the data consisted'

111.11".
.

_
t

, . do .r.0

of eleven pairs of.scores,10l'
.Y

1
), (X

2'
Y

2
),. . . , (X: , Y

11
),, Fp6e

. IA 4k---

4,the i 9isub7j-itt intthe delay ,groupgrou*-.

-(i) state answers to-addition and Subtractinm mumber sentences.

,r (j) interpret, produce, and state answers tic) addition 'number

Sentences
77.7

Y*
(10 .interpret,' p.roduce, and state answers to subtraction number

sentences.

-(1) interpre4t., produce, and,state answers to edd,itionand

1 .subtxactionnumber sentences.
.

f
5 "

the score o

%
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(ND.), and Y. is the score of the i
th

subject i the immediate symbol-,
, '1

.

ization group (NI). ' ,.

,

4,,,,I...ft ...
4.

Again,,each null Hypothesit was tested by the Wilgolion Signed

il, . Ranks Test procedure described by Conover.
4

The following statistical ..

- b,

nulT'and alternative hypotheses were usU to test each of twe/vd null

hypotheses:

/

N a

.%
The same procedure used to obtain the test. statistic T and the value of

r
(

N for the ready subject's was used for the not ready subjects. The value

H d = 0
0 .50

qr.

H : d.50 0
1 .0

oftte test statistic T, the yalue of N, and the comparison quantiles, ti

r
and W

.975
are presented in -Table 8.

0

-Summary
' v 7'

,--
. ,

. 2
The alai hypotheses 2-a, 2-b, and 2 -c re rejected at the level

.)

o--f significinct a = :65. The valueslues of the test statistic T for'
.,-. .

these.hypotheses,i:e., the value of T was less than W
.025'

indicated

that d
50-

i< O. This implies that the values of the XI's, the scores of

the ND group, tended d-to be larger than the veil,. of the ti's tHe scores

iof the NI group. These results imply that with Okden'ES crissified as

....not ready; the Cimeof,introduction ofsymbolizatibruhad an effect on
. ,

t
''

students' ability to:-

- ,
t

(a) interpret addilion--number.entences. ,' *

f-wr .
_

.

.::

, . .

.

.

(b),interpret *
sebtraction number

...

sentences.
:,.

. -.

°(c) interpret additiorraand,subtraction-number sentences.

4
Cal-Lover, ppr:

P.
- -. -

... 1 -,,-,--- -,----

A ,
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Table 8

The Not 'Ready Subjects
,

.

The Values of
. N, the Test' Statistic T, and the Quantiles

.

and' W for -Each Hypothesis
W025 . 975 . .

t 70

Hypotheses Task N ,T W...025 W.9"
.- -

/.-.a , Interpret + '8
.. - .

, .

2--b- Interpret - , ' 10
, \ .

2 -c
.

. Interpret +,, - 11

--d .Produce + 9

...

,...?.....,_ Produce --. . 9

2- f Produce +,
..-

.Ala:. .
- 2-g .. , ,tAnswer +

2-h a , grAnsw'er -t
, , , d'

2 -i Answer +, -
1 ,,, P

3 ., -Interpret, Produce, & Answer +

2-k Interpret, Produce,. 4 Answer - 10

st-

10

3j* 41' .

.

, ,
.6* = 9 .,
7* -11

14.5 6

1, Interpret roduc Answer + - 11
,.. f.t.

. ,- .. t
. .. -..,.

e A 0
, 4 A

Decision Rule: est 33 d50, .4at 'level of sign ficance a = .05
. r

-,

i*fthe value_oY T exceeds he yalde Of ,W.9.8 or is ,less ,, .

t. .

3_

46
.

,----

8** 6 .-

11.5 9

20 4,

20 4

16.5 3-

17.5 9 ;
.

53 't

39' .

39

46

32

32

25

46

9 .e.S.**, 9 46.

-13*4. 11 *.

- -

44 than the value of W 4116:
..025.-

d50 ==..0. rejected at level of significance a = .05

4

d.50 0 would hafie beeri;rejected at level of significance a = .10
4

/

"..

. ,
-

.,

.1

t

f
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The null hypotheses 2-d 2,-e 2,f, 2-h, 2-i, 2-j , 2-k., an4P. .

A

2 Zl were not rejected at the lease
,

. . 2-e, 2-k,

tsignificance a = .p5. Hypotheses

and,2 -I were rejected at level of significance a = .1()0.

evious13 noted, a measure cif.a subject 's ability to in-
db.

.
terpret 1.- pxoduce , stjte answers to addition and subtraction number

-.t. '
sentences was used to assess the subject's meaningful learning of the

',written symbolization of addition and subtraction. Although the, titr.5.1.
0-

of introduction of symbolization did not have a statistically significant

effect on not ready sttidents' ability to 'produce or state answers to

number sentences, it did have a statistically significant effect on- - . . -2-
ol ,........., t*

students' ability to interpret numoer sentences 7 Thus; the results of

the hypot-hesis testing support, in part, the reSe'ardi tiypcithesis thatt

the time of introduction of symbolization will affect not ready students'
O . , ..? Ae) . C,

meaningful' learning .of the written symbolization-of addition and sub-
/ 4

traction.
.----

...

CONFIDENCE INTERVALS

, V 4
,

s Confidenae intervals were also coAr.Tucted fd.r 4* of ''the
.- ."; ' ,.,_4'

. , e . . . .
.,...

. . - 1 . , $.'con-. twtlife,null hypotheses 'of .,bodh ready and. not ready subjects.
_ , s... s. '. 4--

. .,'4 4., 1 ir A

- ,.. .. fiaence' 'intervals :were,:ce ,F.,tticted*b.y__,a, gTometrit cemst ruct,,iori prof.
:-- ' - .

. . . . Jr. .

7/....,,pliedure" de-Scribed .by C
.

r. -Tetiterivals-'formed in .this iray (have a45 ..
,,... . 110k- '.- 1., , ,,,,,,../....-.,.

. 0 .
, . , . f., t\__.,---ar .

°' ,"-- : ,_-_klYrObab'ilipi.'of 1 .;---) o f, containing Che t'rut .param. er 4 ..50 ,' thser pop-
, ,- , ,,;,,

... --,-; y. . - 0 ,.,... ..., . . % ...: .

'
1 r 4 AV'

-:'""-- ' ::,:!Aiatitop.',Ipetliah qt tn90D,..--' S. , ve, 1 ; '''' " -,..-
s, : . . , , . .,

'- -. -7 -. . , l °

cfrtlbeVh el dat'afor'ea hypothesis.. .

.)

I

. ;;..
''.

#.
the. rttlf. Hof -.sc'ores, (X. ) wherC X is the.1, cor Of'

-1 -.4

`.

consisted

ect
,

O

a
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e*. ' th . , .4
. . in the delayed symbolization and Y,

.`

is t score of the i subject in
?

the immediate symbolization group. The difference, D. = Y. - X., .
,-

1 1 ,, i
,---,

.5

, ..

we,re com,puted for each pair of scores, and the poptulatiOn median of the,.

.
, -,

differences wa denoted d.5.0. The model ;pr the confidence- intervals
. .. . :r

serts that if d50.= 0, each .Di has a probability .of ..5 of being

positive, i:e., the Y. score.is larger, and a- probability of .5 -of being

4-

me

4.

negdtive, i.e., the_ X.. score is lirger,-. 'If d.50 < 0, .it would .be. .

. 1
. , i) .

ass -umed that the values of the X'-. 's tended to be larger' than the 41hues
' 1.

I

s
,

of the `r. is. If d
'50

> 0, i't would be, assumed. that the value's of the
1 ..
.

, ..
.

. .

,X 's
,,

tended to be smialler than the Val
, .

s
, . ,-.

f the model are the

sthe'Y. ' . The assumptions
1

sumptioiis for the Wilcox-on ed

Ranks T4s't .

,
_

, r . ,
). ConfidenCe intervals' were constructed that. have a,2robability of

,

. ...., ,..-. .

95% and a .probability
r-

of
°

9u,'.. ot, containing the true.,parametet d .50' i.

(L < d
50

< U) 50'= (495 *and p. (L ,-' d '< U) = .90'. The -upp and lower
7 .,

.

boun S., L add- U, of, these con;tnente. intervals for the twelve: .
,

f. .4hypos etes relatfin to 'ready4,s,t-6det-its ate- 1' al.
4

able 9:
-' , f

All of %these =rfidence,in.tervals, both. the 90% and 95% in-
, -

-. . t ..
.

,

-.
.

tervals . centaei.need zero. ,- This. wa,s,-consistant 'with the. fg,ct tilt lone ,

i , ,

.
.

..,

,, \ of the t -ice nu1,1: hypotheses Te.ra-- rejected. 'Howevetis` the, lower bounds if
..

.. e ,, t
s .

=of , three onfidence intervals. were zero. These. confidence intervals
.. - At

, ,,,,. ... , . , .. .

-., were the 90Z tervar ieLated to interpretation of subtraction nurniiel. '-
t-)

sentendes,,- Hypothesis 1:-b, and both*, the' 0% and 95%
(confidence i rvals -- 6 .44

t

'. ' "" ..- 4. '. /
, rel ated to production: of...addition- number sentericeS,Alypothesis. 1-d:

.0
, : ---- .. , -

,,However, confidence interval& we' ie conster cted ?for these hypotheses , V

. .,--:-.
I- 46

0

,, ..:
4

----.- - I-- Eliat-,,have a probability-of ..80 of contain ng parameter (1.50 , 1.e . ,

1 . .4..,:

P (I., < d ,50 .-< U) = 80., and the .10%,wr bou s- were:, still found to 13e .7-Mr°. -,- 2"
' . -- :

11..,
1 'i

,,, .

,,- , ' i- , t t
.P.... I...A

: j,. s' ,I; ,/..s . ,c . ,



Table ,9

f The Re.;dy Subjects

Upper and Lower licitinds of 95% 'and 90% Confidence
Intervals for the Parameter cr.3.0 ot the .

. . Data for Each Hypothesis

v.
73

Hypothesis aSk-

1-a

1-b

P
Interpretation +

Interpretatior)S.-

Interpretation

ProductIon +
-Jr

1-e Produc-tionv-

1-h

.1-1

_Production +;

Answirs +

. Answers
41

Answers
4 014.,

'b 1 -j Iiiterpretacion,

12-k Interpretation,

',Interpretation;

,

Pioducti-on, & Answer's

.Production lb Answers

9

Upper
Bound

,..44

.50 -1.00 .150

2.00 '- .50 1.50

. ,
90%

Lower
Bound Bou

Upper
Lower

-1.00

2.00' - .50 2.OG1 -1.50

1.00 0 1.00 0 '

- .50 ,5,0

1.50 -1..00 1.00 - .50

1.00 -1.00. 1.00 -'.50

3.00 -2.00 2.5
b
-1.50

3.00 -1.50 2:00 -1.50
'a

2%50 2.00.

5.501A, '-2.50

Production, & Answers +, 6.00 -3.0'0 ova: -1.00..-

-1.50 j

,

r

\Vi.t1

,1

-1

s

A.

I

a

; I"-

4

. 4-1; 1

o
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77: * i L..,. . ... -
'.''. ;Iflie-uPirr aiir.1 lower Bounds of the 95% and 90:-Co.n.fiden-ce it -

terv:al for eicn.-Sf t1-1 twelve hypotheses rglating. to :not ready.'"StiiiiPSti. . -:-..;.::----::-. ._. .

. . - ,..- ..
intervals

..
':":'.. -.:.:"..---;.. .

. .- :-.:4: ,

are 1...istqs:e.:in,table-10.:. -The 9.0%*.and 95% .inervals relat:rt to':k.ife, inee:r.I.:--
. ! .

.--"" f b T
. p r et a

.

,

t i on of
,

a ctk i
i

a
n,

d
.O.

s
u b,

t ra c t ion num ber s.pn.. t en Ce s,,..13-::p 6 d i-S---2.4-.;-.;.2,, s,

,2-b ; and 2-Kdo.'rigi -contein zero

: ....

This is Corts*.ent :;iift.i.'r.* Yact'. that" :: ; .

.-
- '! . .," .- --

theseiohypotheses were rejected the feyel..a41 .4..cance.tx , ,05.
. .. # .. ..' ----... ,-:.-, -..--- . , ... - - .. .

These confidence ijiterv.als alSo indicdted,..-t at., the... rptilibility, is.-,.-95.."..".'''
-, .

that d -0' A.`vaLtip of d -'", 0 ;:imiilie's,..,t1-4,V 'die: 'lueS of .0.1e---' X.: ' s, .,.,

:'' ..-. -4 ., -:-..:4-',$,...-i::, ,

the: scores of --tire subjects in ,the ND group, tended-o,Ve )..ai.gef '0;aq...die
'.

values of the.Y. s, the stores of t -subjects _igr.0.1p.

:.) -the -90% confidence int eii;4,1..,S7-re

and.°Z-T -have an upper 1.4.1ukt-...of 0. Confrdence!gke-,r101:ct- --tons `48--ie-d
* , . .

for these hypotfeses -that ,?rave. a .pKobabi,liV-:,o'f- .80-0.frc'ent43nIng tier
.

i e : -11(f' -ct, -up.pe.; Liarrat.$
.

6'f. thise.-intervals:ai.e listed, Sri 'Tab,]e...'
-.-. 1' 0

-Iv . * , , ''' .1 . -- 0. '. .- _:.1:1::::::,-
.. --.?!..."-..-T----------:---

---- .

7./ ' :"' .. - , . ....r.y...t.:--.....".r
. 'Oa I

......:.1... .1." . ..
it1e, 1....

..
. - -

::' ..,-.; . *, -..- -'''.x, .,; ..."...;,.;: ' *,-...... , .

: ' -.r.-..7-..! r:--

- .

.._-<',--:-
1 .. _

'"'80% C6nf3,....denCe:,- -areff-1.#4.- sr btliesg''' - ;.,- -'
.- . ..,-.7 ..,,., ,:.-- _----,--,-:7ri -,-;. ,..f. ....-E-.

. -- ... ---- ....-- --"
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,. ,
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. .
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a V
table 10

--a The Not Ready Subjects

Upper and Lour Bounds' of 95% and 90% Confidence
'intervals for the Paraineter'd.50. of the

Data for Each Hypothesis
...

75'

4 Hypothesis: Task

2-b
4
2 -c

2-d

2-e
, \

2-f
'

.' 2-h

2-i

2 -j

2-k

.

Ifiterpretation,t

-Interpretation

Interpiretafiop -4;

Productrnn.+.

Answers +

Answer; -

Answers +,

Inte, pretation,

r

95% 90%

Upper_ Lower Up.per Lower
Bound, Bound Bouttl Bound

- -1-50 .50 -11.50

- '.50 -2.00 -..50 -2.00

- .50 -3.50 .50 -3..60

-1.00 -2.50 .50 -2.50

-3.00 0 -3.00

.50 2-4.0e, 0 -4.00:
1.00 -j 140 -

75 -1:00. . -1.00:

1:50 -1.0V
r.

productionk& Answers + 1.00 . o 1.00 -3.50.

Answere 0 .4. ,-5.00

Production;ti & Answers ,150 78.00
.

Inte retatton, groduction,

2-1 Irate retation,

-4.50

-7:54
,

.7

I

: L
^

.
11, 1,1%, jZ.

.

(.1
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level of significance z = .10. These confidence intervals also indi-
,

,
. .: cated that the probability is 80 that d 50 < 0. A value of d30 < 0

,

%'-Zirwlies that values of the ,N:.'s, th2 scores Of the ND group&ended to
i ,

:

be large'~ than the values of,the Y
i
's
'

the scores of'the Ni. group.
10

.

Except for hypotheses 2-g and 2-1, 'the confidence intervals"for

..: --

,.-

.

each hypotheSis are centeredto the right of zero, 1.p., the negative
-7-

''%.

, . .

. . %
, ,

y

diction. This is indiC4td-Ve of the consistently larger values 'of the
. ,,.. ,

.-
., 1.:

'.

,

'X.'s, the scores of the ND' groups .

c i ,

\
a MISSING .ADDEND PROBLEMS

1
. ,

. -

he data for the six missing addend number sentences on'the

-
poitti-gt were analyzediFepArately 4rom.the- -the other items on

thepost_est.

proced4r

t.esting

. ,

Th s:arlie me hod,the Wilcoxon Matched Pairs Signed Ranks
1

.,.

(

f , - ",
describ by Conover,- that- waS'previously used in hypothesis

'I' , IL - . V

s used to testithe'null hypotheses:

3a:.The time of ,introduction of symbotizatifon

on read subjects' ability totstat'e answ.ersto and produce missing

--

will have no4ffedt

1. : 1 y

addend umber sentences.' . 7, t:e:,' - --,
.:,. .

1. . , 'V
...

* 3-b The time of introducitf4 4olization wil,1 have no effeCt r

"
. : .r... ,,. -A .,-,4;,,, ,

on not eady subjects ability :to
k

addend umber sentences. I: ,.. ...
. .

'! .

.
Again, the f011owing scati tael,millgand alternative hyp eseS

: - :..

Were us d totest these research h p theses .at the level of sign canoe
t.

\_.
.: e.;.. -

- V
, .4

.1,

,. 4, ..,: .

;answer to. and pr6duce missing

,

a -= .5 :

- 4.
)

le

.

----Conover,:p ,v-__2t6<2-t5f
.

.iivrek
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'_ .'*'46iLfeitl.ii 5.13:
... .. ..

.:1. ;;:°;,.rg .::::-." :!..: ::. '.' ' . ,...
,''.. -:

The values of N, the tesE:Slat ifs' 1tc'''' T ,:.4-nd:;:the .;:C"omparison.,..11...ns,..n't,...1ke.,s - .,

,-.'- --',,,:.*: ilf ';''' i.
W.025 and W.975 are listed :fOr'!i&a,,Ch :tif)(41aerj.-t°:-1,ii Table 1.-2:-.-.-..-

- , I'...: .7 -...''' -. : .:-. -.-. ;' 'f:* :.:L.-:..-
... ',..., .'7`..,:'.;., ;,. :',::,,-' . -0"

. . :,Mti,I.e:::i 2r -.
'-',:i--:,:,..' .`,) : ',. ; ... -

. ,... _
''-'; ;. ,

....

Mis s int ,A.iickend Ntimer;'-6etit0;.,fic'es- Z--- -.--,...:-

° .
The Values' of N, the" 'Teg,:8taTistFit. `; '-d4-(1°-t114J9i14?101-es

W 'and W.. 7 .1-. ' for'84'ch Hypbthesit.. .....:....----,.0'25 ,97D. ? '..... r 4 ":"=
, z ; A. e., . '4. . .:'s ' .,..

...'..:1),.'

t

:Pe

..
.

'ecz,

-
t :

Itthesis Gronp°

3-a Ready' '5

.

...:"-`` .

14' ,,
ti.;-tr,...°,_,. .-.*:,......

.og , 9.7. ::-':;-
,.. ;:.:..".;),

0 :, 15_
..

ir .

Not Ready l 46'

. . .

.1ou1d have been - rejected a.P the level. of SignifIcAnte"
. .

.: .
''..%.:':. ,' ..*. ': ; c'. '.. : : ' iii - -, .. . . . .:

-The null( ypothesed were not reje-cied:af-,,-tf/e: i4`1:71: e., .*i.$iti...ficall. .

,.. _=-.- -, , 1..i :i......::;...

i ik '' ..... '' % ":.; ' . e. ,-17...-

.c: ' = .05. Hyp esis 3-b, relating. tb..ibe t4ti,t:.. "r'e441:1ii;tjpct-s;',-was
I 4
) i

rejected-at the level of significance a
; -

)

'o

r4s4a;:i :
4.:*, -

4 nE.4sOu OF EFFICIENC

$

. 'OF- LEARNTNG

*!.s notefin Chap er III, the unit developed fortlie pre-Sent
,

study .consi d' of 6' activities for addition and subttaction. The

t ivi t fe"-s were

only as many activities as needed for student mastery of each objective

strictly sequenced and the instructions were to use

of the unit . The .sub-jects '_worksheets and instructors' records of which
. _

activities were covered by each subject" were collected.. It was planned
- _

that the number of activities needed by each subject ,lor mastery of each.
, )
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. ."

. t.4,

V"

... .;

a, "..;;

g :" °

i ..
... . . _ -._

-
. .

44-1.ve would bec,uted aS measure of efficiency-Of 1,41.fithg: The data

1

78

iridicated".tliat.-:_thly differences . in the n.timbet=4-el,,aE-tlivities" com-

..At.e.t,,,e,c17:' cn e.. s LOD jpgcs ,we e "among in st audio aftct video ,e ;

- _ - ,

"if,'Sgme,:c.f.,*.h,e Instructional. sessions.Of_the Study-, teachers-1.
^:

reCO s_ fetid: students- worksheets Were......il-TO This4 data- was

cncluSi about the -effect Of time of introduction
.

on- efficiency of learning. The concludions Will be

434tiasse in:thapter V.

'.
:. ..; Twelve null hypotheses meaningftinartg"we_r-.

:based for both ready and not ready

_hypotheses concefrping the effect of

SUMMARY,Th

.0.

:- '

of`"-tiie null

time of 'intrtitiWit-ein of symbol-

,,.t:----ization on ready students' ability' tv interpret, produce, or state
-,-,... . - -

; an swers to addition or subtraction number sentences, or both, were
, .

rejected., The three null hypotheses' concerning the effect of time .ofr-
. introduction of symbolizatioi on not ready' Students' ability to in-

.
4

interpret number sentences were rejected at the

a = .05. The three null hypotheses concetriting the effect of time of

introduction 'Of -symbblizaficrrion hot ready studenes'production of

level of signifiCance

number sentences_were r lected at the level of significance a''.=

.1,

The conclusions based on the results Of the .study, the

cations of the study', and suggestions--for additional. 'research are

:Alscussed in Chapter V.,

...

4
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Chapter V 0

UMMARY, CONCLUSIONS, 'LIMITATIONS, 'AND
§UGGESTIONSTOR_EURTHER:kESEARCH

A.s

/- Ihis chapter prevents a summary of the study and conclusions

I

*4.

based onithe results of the study. The limitatiotWof the- study and

'research are algO piedented in this chapter.

SUMMARY ( TRE STUpy

sugges;iphs 1Sr further
t I '

0

The purpose of ttlis'study was tie investigate the.relationS'hip

among children's. understanding of mathematical concepts, written symbol-

, J -. .
.

ization of these concepts, and a well defined "readiness" for written
,.

sxmbolization baged on verbal facility with the'Concepts Ito be sim7 .

bolized. It was hypothesized that readiness for: written symbolization.,

defined'in

learning and

tested

nd the

terms of ver al facility, would influence the course of
. .

.. -

the sucee s of instru tion. thl gederal hyRohesis was
f

.

.

,.through a teaching experim 'on addition a su r c concepts
.-. .,

"..,
symbols that express them for small WhoW number'S at the ,

grade level. 4- .
,

:1
...t..

- *- ..

The subjects were 38 first grade students at-David. C. Barrow
r ,

. ,. .
.

Elementary School, Athens, Georgia.
.

The teaching experiment began in

September,
. ,

1975. At that time the fit grade students had.wOrked only

had/
2

,

with. nuMeration and a npt been introduced to addition and gubction
lo0 . , '

t a
.

/ '
.,...,

.. .

--. concepts. , t.
,

I.

.
79 . ;*te

a

a

rag

3.:"

"
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In this study, readiness for'written symbolization of a topic

was defined at-follows:'

.
,

Given a topic in elementary,mathematics, there are setsoft
C,

objectives, the attainment'ofrwhich indicates mastery of the

.

;topic. Omitting those objectives,doncerned with reading,
1

-:
I

.

..-

Writing, or speed of response, a child.ds.ready for the in
,, ,..

troftdtion of written symbolization of the topio.when he has

mastered the Objectives of the topic verbally/ perhaps with ,

the aid of pictures or manipUlatives4

. The definitiOn of readiness was then applied to thetopic of the study

based
.

nt the set of objectives for addition and subtraction used at

'*:Batrow School.'
5 I .'

, .

The subjects were. classified as tea y or not ready according to

. . P , .
..

.

,

. _

scores on aereadiness-test based bn the def nition of readinessaipplied.

,to.addition and subtraction. ,The subjects.were then paired by medhs of
. .

. . .

the teadiness test sc-dres and Key Math Test scores. This pairing pro

icedure resulted in eleven pairs of not ready subjects and eight pairs, o-f

ready subjects. One member of each pair was randomly,aasigned to an

.immediate symbolization grout) and the other member was assigned to a
I < 1

I

delayed s.ymbolization-group.

All subjects received twelve weeks of instruction on introductory
,iliA- '4 .,,

,1 . I .e
, . .

r , S 'addition and sJbtraction.-.The-instructional udit cRnsisted,,of 63.ac
, .

Ni
.6 ....'

.tivities for nine objectives on addition and subtraction. Each activity

- was divided'into the following three
s.

sections: .

/... - . ,.., * :.

...
4) Corcrete pictorial.(CP): Lessons'in'ehe xoncretepictorial .

sections involved thedse of concrete objects or pictures.,

The, lessons were designed to be conducted in a verbal mode with



1,e

/ . emphasis on verbalization_on the part of the teacher and'the

4

students as a group. Witten symbols were n t included in these

81

sections..
. .

(2) Verbal (V): Lessons.i:n theVerbal sections involved oral re-
.

sponses primarily on the part of the studints. The lessons were
.. .

.
.

.

4-1'; .

...

designed to, encourage the students to say number sentences when . .

) ,
i - !

. ,

given actions oVpictures illustrating the number sentences, and

to interpret given number sentences by describing or, ,demonstrating

actions appropriate for the number sentencesAlow'

(3)'Symbolic (S): Lessons in the symbolic sections involved written

'symbols. These lessons were designed to be similar to:pages

typical' of first grdde arithtetic'texts.

The immediate symbolization group of both reedy and not ready

subjects experienced a treatmept,in which written symbolization was

introduced simultaneously with the Coacepti. The Subjects in.these

e, treatments worked ell -three sqtiOns,-CP, V, and S, of each activity.

. These groups were essentially control( group's since it is the usual prac--

tice in theifirtt grade to.introduce written symbolization of a concept

at the time of the introduction of the concept.
.s

The delayed symbolization group of ready subjects experienced a

Xreatpent in c.whiCh written symbolilation was delayed for five weeks,.,

0
'

- ,

The subjects in this treatment worked only the U and V sections of each

activi4y during the five week,delay. At the end of the delay period, the
%

.- .
.

.

. subjects worked the previously,skipped S sections pf.,each activity and

then worked ell three sections of each additional activity.

The not ready subjects in.the delayed symbolization, group ex-

perienced atreatment in which written sYMbolization of each of the nine
. 4

. .

98
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,

objectives of th4 unit was delayed for each subject' until the subject

had mastered, each of the objectives verbally. During the delay period,
- .these subjects worked only the: CP and V sections of, each .activity. When__

, .
a subjett had mastered an objective verbally, he then worked theLpre- z!

.
, ) .

viousiy skipped, S section's of the activities for that objective. The.._ t .

subject then proceeded' to the activities for the next objective, but .

worked Only the CP and V sections until .the cbjectivewas mastered
.

verbally'.
I The subjects were given a posttest, at the conclusion of the

treatments .t The posttest was designed tO 'measure the s ub j eets ' ability
- -

to interpret given number sentences by describing or demonstrating

r,

. ..-
. . . ,

actions appropitiate for the numbet sentences to produce number sentences
*when given actions .iln sets, and to state answers tip, givepnumlfer°

.?

. .---.

r 'sentences. Since, in the present study, a student's, meaningful learning :, ,
- . .

1

of the symbofization of addition and subtraction 'was. defined 'in terms of
a

. hi4s ability to interpret, produce;,and state answers to number sentences,
-

the
. . '- t ( -,.

the posttest Was' a-mdas tire of og subject's meaningful learning of written. .
.

symbolization of addition and subtraction.
)

If a student- is not .ready for the. ntroduction of symbolization, '
. . .

- 7 *. I
, . 9, delay <;of symbolization until, the student is ready should facilate

1- r

learning. Therefore, 'it, was hypothesized that with students classified -...

. . -

'as not ready; -those who experience a- delgflof symbolizationuntil they
* t ,

are- determined to 1:. ready will be, better able to interpret, produce, and
..

I

s t a t e angiers to number sentences than students Mio experience immediate, I
. . ..1

introduction of symbolization. : /-
..

',,,

- If a stt(ident / Wady -for the introduction of symbolizatibn;v- .: .. .

. f
immediat4 introduct On," symbolization -should Xacilate learning.

r eft,. ,-,
. 9.9
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Therefore, it wis hypothesized etc4t with students classified as ready,

those
e

who experience immediate introduction of symbolization will be

63 4

-

better able to interpret, produce, and state answers to-number sentences

than students who experipnce a delay df symbolization. ' .

.

These two hypotheses wei-e*es;ed using the Wilcoxon Signed.Ranks

.4

Test procedure described by Conover
I

. At the-level of. significance

a_= .05, there were no significant differences between the scpes on any
o

section of the posttest of the two groups ready.subjects. There was
.

,4
,

a significant difference between the scores on'the interpretation section
-. .

, $
.

of the pOsttest of the twcrcgroups of not ready subjects: The subjects
. . .

.

in the delayed - symbolization group had signiTicantly'higher (a < .05)

.-----

N,..
%

i
.scores on the interpretation sectOn of the posttest than subjects in the

i
...

immediate symbolization groUp, There were no significant differences

5

j between the scores on the production and answer section of.the posttest

between the two groups of not ready subjects.
'0)

The reSultsf the data analyses do not support the, hypothesis
.dg

e-,
.

that the time of introduction of symbolization wi 1 affect ready students ' . .

i

meaningful learningof written symbolization of addition and :Subtraction.

The results1 do support, in part, the Mipothesis that the time, A
. ,

production of symbolization will affect not ready students' meaningful
*

° ,

,learning of written symbolization of addition and subtraction
> t 6 . ,

tAm

1
.. . ';.,

,.W. J. Conover, Practical Nonparametric Statistics (pet; York: , 1

' John'Wiley and Sons, Inc., 1971),.pp. 206 -215.. , i . 4 .,,.- s
4.''

.:, , -
.

'4, ' .

St
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The Ready Subjects

OBSRVATIQNS
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The investigator's-review of audio and video tapes of sessions -

-of the delayed symbolization oup indicated that the subjects became

bored and frustrated during the delay period. Many

were writing number sentences on their own. At the

period, the,end of the fifth week, of, .the treatments

delayed symbolization ,group had covered activities

nine unit objectives than subjects in the immediate

)

HoWever, the subjects in the delayed symbolization group were skipping .

the symbolill, sections of each activity. Duping the sixth and seventh

weeks of the treatments, these subjects worked the previously skipped

of these subjects

end o'f the delay

, the subjects in, the

for two more of the

symbolization group.

symbolic. sections, and at the beginning of the eighth week of the

treatt5ents, these.groups were essentially working activities for the

same objectiVes. The investigator's review of audio'and,video tapes of

,the egrough-the twelfth, weeks oflhe treatments did not detect any

'differencesbetween theperformance of the two groups of ready subjects.

.

Thus theinvestigatorls .review of tapes and therresults of tke data
7. .

analyses.sup'ported the following conclusion:

jConclUsion li The time oteroduction of symbo zation does not

affect ready studegtal meaningful learning bf the symbolization of

., addition and subs ction.
, *

The following cone ion is' suOported only by the investigator's review'
...

_of tapes:
re,

Conclusidn 2:' A delay of symbolization, may cause'symptoms of
. .

'N.. 4.,- . .1-
..

, i . 4
boredom -anTfrustration among ready'students.

.
. ;

,
t".!,

. , ,.--

-

ff_

O1
I
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'The Not Ready. Subjects

s) ,

Although the time of introduction of. symbolization did not have

. ,

. ,

astatistically significant effect On hot ready sidjects' ability to

. .

produce or state answers to number se-Itences, it did. have a statistically

A . . 9 -, . -i'l

ssignificant-, a =..05, effettion not
..

ready subjects' abirity,eo,interpret
,

. .

..
. .

. . s. .
V number sentences. Although the results were noC, significalt on the,pro,-r. .
_ ..lytion section of the posttest, the scones of the subjects inthe-delaYed

. .

,
., .,..

symbolization group were consistently higher than the scoreg of the '

, J t : , ' . . .
,

dubjects id the immediate symbolization group: The scores of the

.,

sec,suh'ie4cts in' the two groups were about the same on the!#nswer secssion of.
N 0

, V)

. * 6

the posttest. -
. . ..

..

1 The inv7stigator's review"of audiko_lidd'video tapes of the lessond
- >.-- 0 .

.

of the not ready groups and ekamination of students' worksheets inditated
, .

. b '..% k , _

. .
.

.. that the delay of symbolization,facilated learning. When elle subilcts .
.

It

''.
As' a. 0. ,e,

Y 1,'

in the delayed symbolization group had masteFed an objecOve verbally ,

IP,
1 '.9.

and were, given -a symboj.ic section, worksheet, thel.seemedsto.requ-ire'less.
.

:1 l-

.instryttton hnd.help from the teacher than. tha sqbjects in, theoimmediate

symbolization group.

Olt

reviewof-tapes and is suppo'rted'-in parr. by th4-.data. analyses:

Conclusion 3: The time of introAirctimi of symbolization does affect

The f011owlag conclusion 'issupported-Wthe, knvestigator's

not ready studens'.meaningfu/ learnintg,of the symbolization of

- . .

addition add subtraction,,;r
. . ..

.. -,,.
t. :6 . ' . ,

'

,The foj llowirg conclusion )s suOorted only b y,t. he,,, n vestigato r . s revie. w-,,

of,tape;

:
64.14L.

t. 7-

4. 4

-f S! :1

1.
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Condlusion 4: The learning of written sytboiization bynot ready .,' :,

,

..

students is more
\

dfficient if the symbolfttion is delayed until the,_.,

.
. .

.

'-

students...are ready.
.

.
b

\ l . %
.

-Since the results of'thb.data analyses, favored the subjects in,

01.
,

, , -.!...0 ,
,,

.

symbolizationthe delayed symbolization group and OeinvestigAor's review of tapes
.9,

. .

indicated that the e-delay of symbolization facilitated.learni41%of'written
.... .5

.

, .. . ..:,

-Nsi:;robolization, the investigator concluded the.folloWing: .
.

-.
,

./.

Conclusion S: If a's4ent is not ready for the introduction of\
)

symboliza- tion of addition and subtraction; the student's learning
,

,

of the symbolization will be moreLteaningfUl if the symbolization,
.

-
.., .

.

is delayed until'the student is ready.
.

. .. . 4:0

Readiness.- Meaningful: Learning

'' . : .

, .

0
. ,,

. The Turpose of this study was to investigate whether-childien's .

I

readiness, as defined in this study, ilifludndes the efficietp of learning
'

.
.

.
.

and, the meaningfulness: of learning the written symbolization' of addition

and 'subtraction by first grade children. The influence Jdas hypothesized
....--- .- , _ _. . ..

, .
to, act in the following way:

,

.
,

(1) Children who are liot.ready should%learn more efficiently and the
. . .=,

1,4'., ...

: . .
.2

learning be more meantngful.if the symbolization is delai.4d until .

.

, - _ o

.

',they are ready: . , .,

,
. ..,

. .

. (2) Children who are ready should learnmore efficiently and theme
.s-- .

learning bc_tore'meaningfulif the symbolization is.fhtroddtec,..

immddiately.
..

. , _

hypothdsized inf=luence of children's, readinesg..on dhildrenls
..

-:
, ...

meaningful learning?was supported for childretrwho-werenotready. The
.

. ____ ..

1

.delay of symbolization did ,not affect the meaningful learning°OL ready

0.3
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children. , However, ).n the opinion of the investigator, the evidence of ,

. t
-4 _ -

.
,

.

the infkuence of chA

1

dren's readiness on not ready children's meaningful
'

learning is sufficient to conclude the following:

- Conclusion 6: Children's readidess, as defined in this'study, in-

nuances the meaningfulness of learning the written iYMEBlization of

.addition and subtraction.

Re1adiness - Efficiency of Learning

The number of activities completed by each
.

objective was to be-used as a measure of efficiency

onlY\differences found in the number of, activities

instructors. However, the investigator's review of

of les4ms indicated that readiness, as defined in

student for each unit

of learning. The

completed were among

audio and video tapes

this study, did it-
,

.

fluence Ehe efficiency of learning; ths delayed group, of.teady-subjects
. - "fr

experienced boredom and frustration (Conclusion 2)i

symbolization by the pot ready subjects in the dela
. -

efficient (Conclusion 4). Therefore, the follot:ring

4

and the learning of

yed groug was more

conclusion is sup-

ported only by the investigator's review of tapes:

Conclusion 7: 'Children's readiness, as defined in this study, in-
,

a fluences the efficiency of learning[ he written symbolization of

additiOn and_subtraction.

The Missing Addend. Problems'.

, 0
The results the data analyses did not support the hypothesis

. .

. that time of introduction pf symbollzationtill affect ready or
...,

not ready
-..

.:'

students, ability to produce or Slate answers to missing addend number
, - ",u

sentences. Howgver, although the results weie not significant at the ,

__
level of, signifiCance a = .0,5, the scores on the missing adkiend- number



;-

A\

sentences pf the not ready subjects in the delayed symbolization group

i were significantly higher at.te level of significance 'a =-.10 than the.,

scores of the not ready subjects in the immediatelymbolization group.'

O

88

The ubjectd in the present study were not ,introduced to missing addend:

-number sentences in any of the four treatments/ Thereforeany con-
.

. .

clusions formed -on the basis of the data for the missing addend number

. sentences'would invblve transfer of - learning. The investigation of .the

\. .

'relationship amohg readiness for learning written symbolization/ the
,

-
-

I
. .

time of introduction of symbolization,'and the transferyof the lea'rning
.

will be left forfuture research.

*Implications of the Study

Pending' the limitations of the study and suppA' oiing further Con-
, . .. k

.,\

firmation of the reeultsof the study by parallelor 4p4C4tionsyudies,
.

the study may have implications for mathematics educatfnri.
.d

The mathematics scurriculum of kinderartairanA' rimary1:crograms

would have increased'emphasis on the develppment of c ficepts ,anti the

.

associated vocabulary that will be needed in ,the.pltimary grades:\-alncrete
r.

modelt' would be usecl.to Aelmulate discussiOn 1Rdemphasii wou
. .

e placed

on'building the child's spoken vocabulaT.---------

In 11.1e prtmary gr.L.de;', a topic,*)uld &introduced and the

concepts and vocabulary.extensively developedi.before writ en symbolization

would be introduced. This would suggest a reorganizalidn of traditional
.

.

text mdttrial with increased emphasis on verbal activities suggested in

a
the teacher's edition.' Totally individualized_programs, such* the

ey

Individually Presc bed Mathemetic4'(IPI) program, would need Aeorg4-

nization to build in
_

he verbal, development needed prii5r. 4o symbolization.
:.-

1 .. . ..,A

1' 5 ,.



Man y teachers presently.group students in first grade; customary,

89

'groups are a "readiness" group doing essentially kindergartehwork and .

` one or more groups doing. first grade work. The results of this 'study'

suggest that verbal. facility might be a criterion for placing students
.

0 ,

%
.

. .. . ,,

,,-'in groups. This criterion could be ustl topic by topic for moving a,
.._... .,..

J
r_ .

. * . .
,

.

child fromreadiness-wnTk-i-O- more formal mathematics'. .0,_ .

' :Teachers should provide for more' classroom interaction and dis -.*
./'

0 .

,cussion, especially activities in which the children use verbally the
.

, )

mathematical words theywill later symbolize. This interaction and

discussion appears to be desirable, to develop the necessdry, vocabulary.
. .

in mathematics. Ideally, the balance betWeen Written and. verbal ac-.

tivities in'the elassroom should chahge with increased emphasis oncmerbal

activities.prior to written activities. 'Skills of planning and conducting

verbal mathematical activities should be specifically identified and

developed in teacher'education programs.

LIMITATION'S OF T}1 STUDY.:.

el

The'purpose'of this.stuckwas to investigAte -the relationship'
9 .140.

.among children!s understanding of mathematical concepts, written sym-

.bolization of thede concepts, and a specifically defined,readiness,for
.

.
1...written symbolizatiten based on verbal facility with the concepts to be.

4 -
...

symbolized. However, the study degit specifically with the Mathematical

concepts of.addition and subtraction o, small whole numbis at the first

grade level. This'limits.the generplizabifity\af the conclusiOns of the

3, study to other topics in mathematics * and to other grade levels.

A second limitation of the study was that_aIl suhjects*were.diawn-
. %

from the same-school Mid that insi,i-uctors were not, randomly assigned
f

a

;
I ,

)

,!
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. . 4

tment grotips.The assignment of teachers to treatment groups was

do e for the Convenience of the fonrr regular first gradt"teachers at

rrow-Sdhool. This limits generalizability of the results.

A third limitation of the study was the snallsample sizes.

Although.the readiness test was administered mall first grade students

at arr2w School, only- 17 subjects were found to- be ready. For this

.

,
reason, only 8 pairs of ready subjects comprised that sample. There

....,
>

,

.

were 53 subjects-classified as not ready on the basis of the readiness

test. Howevex, the restrictions imposed on the pairing proce4pby the

investigator only all:Owed for match of 11 pairs.

SUGGESTIONS FOR_FUUHER RESEARCH ,..

.

. ,

One of the limitations of the present study
.

was thai the study. '

.
. -.'

%,
g- . .

dealt directly with only one topic in elementary mathematics at one grade.
.. --

.

.

level, i.e., ddition and subtraction of small Whcile numbers at the first
. .

V . .

. . -

grade level: Howevein the preatnt studyreadiness'for introduction

`-ofssymbolizatianyas first defined for any topic.in elementary maths- .,.

matics. This definition could be applied to othei topics incelementar5r

. mathematics at other grade levels. The present studyOus Provides a .

, .

basis for pArallel studies concerneewith readiness for the introduction
.

-

. ,. ,

of written symbolization. 1 ,

It is suggedted that replioatiOn.studies be made with the folj#
e

lowAng modifications:

(1) It is'suUested that teachers,be randomly'assigned to cytatment .

groups. A random assignment of teachers would iacrease the
,

.

"ability of the results.

0

S,
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Sincelthe only significant'differenCes:fo und- in the data analyses

were between the groups of not,ready subjects, it is recomnended'that

future stUdies concerning'theeffeci of readiness for symbolization on
,

. .
. 1.

.

students' meaningful learning o5 the gyiboliition concentrate on not
_

ready students.

(3) Even when significant differendes between the scores of the NO
., - .

groups of
..

not ready subjects were not found, the posttest scores of the
,,I - O' i 1

. subjects in the delayed symbolization group were consistently higher

i'''', '. .',

than the posttest scores of subjects -in the immediate symbop.zition

.
group,. For, this reason, it is suggested that one-tailed statistical .

'tests be employed in f;Uture replication studies instead 6f the twoTtailed,

statistical. tests used, in the _present study.

It was the opinion of the investigator, before, the beginnihg of

A.
the presen t study, that many students are illtroduced to written math-

.

ematcal symbolization before tley are ready. The study described in

this dissertation was designed to investigate that opinion. -Readiness

for written'symbolization was de fined and the relationship between that
, - .1 s -

. . .

readiness and the learning of written symbolization was investigated.

, . .
. .

ott is the role ol future studies to provi0e.Tore information n.tht
)

.... .
. v

relationship:between readiness for.written mathematical symbolization,.. . ,
.

and the
.
meaningful learning of the ikritten symbols..

I

(Z.

4,
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OBJECTIVES FOR READINESS 'TEST

READINESS 'TEST ITEMS

4

.

c

c1

a oi

95

112

flo



VD.

96

011itCTIVES FOR READINESS-,
I.

*

-

\ (1) Given objcta or apicture that illtstrate the union of two

,

'sets, the student states the sum and says the number sentence.
. ,,..

.
.;

-- , -
,-

(2) Given a cpllectionof objects; and given verballyian ad-
f t
, I,......

dition number sentence:, a 4 b = c,,' the student foims,sets having a and
t. f

b elements respectively and illustrates the union, of the seta and states'

Che sum:

,

(3). Given.objects or'a picture that illustrate the removal or

partitioning of a subset, the student states the
4/
difference and says,,

A

the num er 'sentence.

(4) Given a collection of,objects'and.giVen verbally a sui)-
, -

tradion number sentence, a - b = c, the student forms'a set having a

4

elements and removes or partitions a subset having.b,elements and states

the di:fference.
.



a
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ITEMS FROM KEY MATH TEST

B

D-7.1 One match and two matches'are 111Dw many matches?

picture:

'.D-2 There are three birds: Two more
t

picture
-4 .4

D-14t Two frogs are

now?'

4

of five birds

Objective 1,

join them. How many birds?

ObjectiVe 1

joined by'fOur,more friogs- How many froiaare

.

pictureoof six frogs - Objective

This card has three byttons. Ityou'took"ohebutton away,
would be left? \- .

piCture:

E -2 his card has 'five green

how many would be left ?'

'picture:

E7,3 This. and has eight red buttons.
_. 'how many would be left?.

6
__,z,

,

pletge:

buttOns. If you" took

1

there'.

how many.

'Objective 2

two "buttons away

',Objective

If 'you -took tour buttans awaq,

ObjectiVe 2

J71 John had twbsdookies. His dog ate one-Cookie. How many cooki4a,
does Aihn'have,left?

picture of,boY 'with :COokie and dog Objectivit 2

e . _

more.
.! .

J.-.2' Brian had ihree..marbles.. .He finds two more. How.-many ?les does
,, .

he.have'nowl. . .

.% .

picture of 'bag mith`three;datb1es and Objective 2.
hand with two maiblea.-

J-3 Tom Ant to the store onceOlincy went to the
many trips were *made to the, store ?'

picture-oe-two'identiscal'ilrlagoing
.to a store and one boy going.

store

. -

store twice.:How

-

Objective 1



'
c

P

Items from P.M.D.C. ,

5
13 "I have three pencils.' You have ,two pencils.; Jiow many pericilg

do 'we have together?"

98

Objective 1

(27) 'I had seven toy cars. You took three
cars do I have now?"

bjective 2

Yv

y cars.

. d 4 1'1-1e .1

How many- toy.

(31) P nt to the tunnel. Say, "This is a tunnel: There are three
card outside the tunnel and thve.are six cars still in the
tunnel. How many cars are there all, together?"

Tunnel with-three
car,s'oqtaide ,

-,-Objecrive-1 and 2 Picture:

. ..
. , .

, .

(43) "Together we have six pennies. You have'four pennies. HOw many
.

pennies do I have ?"

'Objective 1 and 2

3 ,

i

44-4
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TEST PREPARED' BY INATSTIGAiOR

SAY

99

I. Give. the childApiceure card. 1.

(picture orlthree4bugs and. .

two bugs)
.

;.d., Point to 'one circle.. a. How many bugs are in thiscirCle?:.

b. Point to ,the other t!trcle. . b. How man7 bugs are in this circle?,

. .
c, Point'to, the'whole.card mith c. How many bugs in all?

. a sweeping motion. ,

Obje.ctiVe 1

d. Tell me e.,pumber,sentence.for,

this 'caTd.
4

e Probe 1: Tell me a number I

sentence that uses plus and

f Pt:obe 2:.Dofyou know What a
number sentencesis?D am saying
a number sentence -when I Say,

'.0t0 plus, one equals two. or

,can you; tell me a number sentence
for this picture?

II. Give. the child picture,card 2.
(picture of four bugs)

a. Point to the card: a. How many bugsinall?r
b. How_many.bugs are kiving?

.4

p..

' 1

.)

t

Objective 2

a.
c. How many bugs- are left?

d. Tell me a. number .sentence for,
.

this card .

'

r

.e. Probe 1: Tell me a numbei,
sentence that uses minus and

.

:.

.

Cs-

/

equals. *
. 1

ri

f. ProbeDo you know what-a.
number sentence is? I-am saying
a number sentence.when I say,
4Three,minus one equals two."
Can yoil tell me a number sentence,

for'this picture?;
.:'..,., )

ti

..-
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SAY

III. Give th-e child nine counters.

POint to the counters:. airi-Can you use the counters to show

me how much is two: plus two

b. Repeat for three "two:.

c. Repeat for. four minus one.

d. Repeat ,for five minus three.
. .

Objectives. 3 .

IV. Give the: Child picture 'card I.
(picture bf five' Virds- in a tree)

.% - t 4.
ri`c2in to the- card.

A
) .- a. How, many bird are 'in the ,tree?

.=. -

J SN

b. If two birds .come, hoW many

, ' .' birds. wo d there be?

Objective .1 't - k.........."
<

, .
.

4V: Give the -child picture card 4. .

(Picture of six- birds in a tree)

a. Point, to the

1,
.

\Oble'cstive 2

g.
a. How.many.birds are in the tree?

'.11'. If two birds fly away, how many.

.4, birds would be left?.

N

5

.1

p

L-

S

fJF
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APPENDIX B
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'OBJECTIVES FOR THE UNIT AND CORRESPONDINp

.IPI OBJECTIVE NUMBERS
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INTRODUCTORY ADDITION AN. SUBTRACTION

The activities in this unit afire based on the following objectives:

Activfties API Objective Objtctive (Limit: maximum,of 9,

L

`-'-.- ----)
1

:-

,
elements, sums through 9)

e").-i----

-:

l'1- 10 AS 4,5,12,13 1. Giveen two sets of objects and an
21 - 30 illustrationof the unionsoflthe sets,

1' .. or a picture illustration the union,
...lo° of the two sets, the student can say ,..,--,...

IP

102

1

a

s (wriee) the numbers sentence. *:.
.-- .

v.10 lf- 20 AS54,5,12,13 - 2. Given a sei of objects and an
..

21 - 30 ,illustration of the removal of a ,

r subset, or a picture illustrating the
removal of a kthset, the student can

. .
.... / say (write) the number sentence. Y

.

' 31 - 40 AS 7 3. Given a spoken (written) addition
number sentence, the student can.
demonstrate or describe the union of
sets appropriate to

1

fthe number sentylet

$
. 31 1, 40 AS 7 '4. Gieen a spoken (written) subtraction

..
.

.,. number.sentence,tile student can
demonstrate,Or describe the removal

. 0 of a subset appropfiate to the number
;70 - ,

sentence.

400 41 - 45 AS 8,9

46

52

61

- 45..

4

-

- 60

63r

di.

AS 10,11

AS 14

AS .15

4
.AS 16,17

.'

5. Given a number line illustrating an
additiion or subtraction number sentence,
the student can say (write) the
addition'or subtraction number sentende.

K
6. Given a spoken (written) addition or

subtraction number sentence, the student
uses the number line to-illustrate the
number sentence.

I* I't

7. Given a spoken (written) addition
number sentence, the student says
'(writeb-) assubtraction.sentence using
the same umbers.

8. Given a spoken (written) nuMber.sentence
Of the form,. a + c or a - - c,
the student findsirEhe answer..

9. given a number (spoken or written) tie
adept Ys (writes) an addipion
sentence in which the lumber is the

...sum, or a subtraction sentence in'Which
the number is the, difference. :

1.19

Jr'

A

fl
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SAMPLES FROM Tat TEACHER'S MANUAL.

SAMPLE WORKSHEETS.
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114
A

CP
2

ACTIVITY ,2

V

Materials: Toy barn, toy -anima104

a

Place three animals in'the barn. Ask:,"How many 'inimali are in the barn?"

Place two animals in the barn, ask: "Row manl animals are ih the bare now?"

TellAe children' thp thotbe; sjiiihce, three plus two equals five. Let the

thi/dren say the timber sentence together. Repeat f or a thqr,i ambers.: .4
C !

. '

I No Worksheet

Materials: Toy barn, toy animals, math-a-phone.

GiVe each child a math-a-phone. Explain that one an only say number

sentences on a math-a-phone. Tell each child to cell his parent or 4

friend. Repeat CP, ; let each child tell his parents or friend w

happenedusing a number sentence.

' (mastery indicaFive.of readinasstobj. 1 )

O

No Worksheet

.

rt

f

Materials: Worksheet, pencil.

. .

Circle the correct number sentenci;

2+2=4 :S

t
121

. Worksheet S-



Obi. 1 ( AS 4,3 )
Sheet 15 -2
Nana

, DATE

2+2=4 3+2.5 1+6;7
....

'+ 2-6:4-: r-"I. 5, 6 .- 2,+10,



.4,

o

V,

CP12.

,

ACTIVITY 12

Materials: Toy barb, toy 'animals.

t

Place five animals in the barn. Ask: " HOW meny_orimals are in theberm?

Remove two animals from the basin and say: " Two animals leave, boy many

are left? " Say the number sentence for the childten. Let,theChildrsn

say the number sentence together. Repeat for other numbers.

V
12

0 No, Worksheet

a

2,

106

vat

w.

:Uterine: Toy barn; toy animals.'

Repeat CP Vary by allowing children to manipulate animals. Let each

.child say a number sentence. Say.the number sentences together.

G

( mastery indicatiye of readiness obj 2 )
,

No Wbrkshoast

s12

4

.

Materials: Worksheet, pencil.

Circle the correct number sentences

f

As

2;3

11.

0

.1.

w.

O
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CP
34

ACTIVITY 34

Meterials: Worksheet, pencil ,

Tell the children an 'additioh or subtraction number sentence. Ask the

children to draw apples on each addition tree to show the addition,

sentence and tc draw and mark off apples on each subtraction tree to

show tne subtraction seAntei.

/'-s

(mastery indicative of readiness obj. 3 or obj. 4 or both )
Worksheet CP-34

V
34

Materials: none.

Tell each child'an addition or subtraction number sentence. Ad. each Ch1.101

to tell a story using the number sentence.

( mastery indicative of readiness obj. or obj.4 or both )

No Worksheet

. Materials: Worksheet, permit.

Find the answer.mirk off:letters or add letters to show the number natant*:

195

Worksheet S -34

108
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OW. 3,4 ( AS 7 )
Sheet I S-34

Naas

Date

av 110

3+3= M M M 4

-5- 2 =

'1+1=

F F .F F F

C C" C, C C C

110

4-i- T T T

4+4 P P

5-3= E E

S S S S

ori

7 -5=

127

a

.4,



APPENDIX D

.,.40 POSTTEST



$1.1"-

112

Answers
Stimulus: Verbal number .tentencea _

Response: Verbal answer
A

Say: Tell Re the answers tojthese number sentences:,
4,

.

I. a. + 2 = correct. ,incorrect ,: immediate delayed

:,..4

counted on' counted fingers no response
4e-

. -

b. .3 + 2 = correct incorrect immediate delayed

counted fingerscounted on no response..

c., 4 + 5 = correct incorrect immediate delayed

counted on counted fingers no response

A
d. 7 t 6 = correct '-incorrect immediate delayed': :

.

counted on 'cnunted fingers rid-response : 1\

e. 3 - 1 {= correct incorrect immediate .delayed

0 .

counted on Counted fingers no response

f. 5 -2" 2 = 1 correct incorrect immediate delayed

z,

g. 6 - 3 =

h. - 4 =

counted on counted fingers no response

correct -incorrect c immediate delayed

counted on counted fingers no response,.

correct ' incorrect immedlate delayed
- _

,

punted on
_ .

counted tingers=. no response

= S correct incorrect immediateelayed

(what),_ counted on counted fingers no response
o

j. 1 5 correct incorrect immediate
.

'(what) counted on , counted fingers ''

delayed

no response



.

II 1. Verbal number sentence:

4 -

Production of Number Sentences
Stimulus: Picture
Response: Verbal,Number Sentence

Instructions,:, Point to.each of the pictures in turn,Ask the child to

you a number sentence for the

'

picture.

a

Correct ,incorrect'

2. Verbal number sentence correct incorrect

3. Verbal'nutber sentence .correct

A.

incorrect-
..

113

tell.'

l'no response .

4

t.)

_ .

no response

no response

a

4. Verbal number sentenA -correct incelliTect no response-

t

t

."1
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114_ 4113-1

Answers & PrOduction of Number Sentences
Stimulus: Verbal story problems ro

Response: Verbal answer 6 verbal written number sentence
Materials: Counters, blank paper

`r.

;.

Say: I am.going to tell you some stories andask;you
come

quistions

about the stories. I want you to tellam the answe s to the

questions. Yoy May usethe counters or your fingers if you wish.

,

Story 1. PrdEend you have 2 pennies and you 'found 2 more pennies. How many

pennies would you have?

a. Record answer

Answer: correct incorrect counters immediate delayed

no response

b. Say: Can you WI me a number sentence for this story?

r

Response:

Verbal Number Sentence: correct incorrect

o

de'layed to response

se

Story 2. (child's-name} . found 3 acorns on the playground. He found 2

more acorns on the steps. How many acorns did he find?

b.

Record answer
------,

Answer: correct incorrect countess immediate 'delayed

, - ,-j,Y no response .

Saf: Can you writs a number sentence for this story?
_--

Response:

Written Number Sentence:itimorre4

Story 3. Five children wete

wash their hands.

a. Record answer

no response

in line to go to lunch. Two children left to

HOW many" children Were st4,1.1,in line?

ilt .0

Aw . . .

Answer: correct incorrect counters immediate delayed

. noiresponse

b. Say: Can you till'me anumber'sentence for this,story?

Response:,_ /s'=. -

Verbal NuMber Sentence: correct incorrect

no response ,

.131

O
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Aft
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Answers and Production of Number SentenCes (cont.)

-

a

)

7

Story 4. There were 3 birds in a tree.

°

Ope bird flew away. How many birds

were left?
,

a. Record answer

"' 6

Answer: correct incorrect 4 counters immediate delayed .

. ...
---)

-no response

b. Say: Can you a number sentence for this stfarY?;.

Response: ,.A

Written Number Sentence: correct incorrect .

no response

Story 5 Let's pretend you ha.ii-3 pennies. You want to buy chocolate

4

milk that costs 5 pbnnies. How many more pennies do yovesedl

a. Record answer 0.

Answer: correct incorrect counters immediAte delayed.

no response

b. Say: Can you mil me a number, sentence for this storyl

Response:

Verbal- Number Sentence: correct incorrect

no response m
.

o

f

I

r.
1

-Story 6. Let's pretend you, have 7 cookied. How many cookies must you eats

so'that4there are only 4 cookie left?

a. Record mniver

Aniver: correct incorrect counters immediate delayed*,

nhAresponse V,

Say: Can you write a number sentence for this story?b.

sponse:
't.

Written Nuniber Sentence: correct incorrect

r

no response
Olt

e
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11.6*

Prodtction of Numbez.Sentences
Stimulus: Picture
_Response:'' Written number sentence

retlyuctions: Point to each of the-pictures in turn. Ask the child to

\, k 00
weete a number sentence for the picture

.

iV

2.
I-

1r-

3.

1

;",tr,"

., ,
a:

. , r-N
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ell

4

00Answers and Interpretation of Number Sentences
Stimulus: Written Number Sentence
lesponse: Written Answer,-Objects Interpretation
Materials: Objects

I
O ,

**StV Instruction Show the 'child each of the following- number sentences. As
: . . _

1r ,

the child to write the answer_in the blank. Say: Show me how you would

trt

Cf

find the answer to ,this numher sentence if you forgot it. Use these objects

or your fingers.

2.

r

MENNEN"
01'

Written anser: delayed immediate no response counted on, counted fingers

correct incorrect no response'
a

*Interpretation:

method used.

f

a. Written1h7wer: delayed immediate no response counted on counted fingers

b. Interpretation: correct incorrect

I.

method used

no response

kmo..
1111

4"1""Ir

.100010100

0

3: a. Written answer: delayed immediate lno response 'counted on counted fingersO.

b. rhterpretation:. correct incorrect. an response

.

method used

ti

I I ,

0 ,

a

nt

. -
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Answeri and Interpretation of Number Sentences (cont.)

4. a. Written answer delayed

b. Interpretationr correct

method used

6

immediate no response ,counted on counted Wpm

incorrect nd responsi

0

135

Tea

,
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, 4 i. °

Interpretation of Number Sentences
Stimulus: Verbal Number Sentence
Response: Picture, Objects
Materiels: Picture she4tj objects

.9- . %

I .4,.
40,

Instructions: !Give the child the picture sheet. Say: I an going to tell

you some number pentenc s.. I want you to point to the pictu that shows
4

the number sentence.

a. 2 + 2 correct incorrect

b. 3 + 2 correct incorrect

leR to

c. 3 - 1
o

correct incorrect'

VII.

d. 5 - 2 correct incorrect

enormilkse

no response

no response

no response

Instructions: Give the chin a set of objects ari:Ltun=nrsatan=14-neril"

I'm going to tell you some number ientenses. Show how you could finclOe

answer if you forgot it. Use these objects or your fingers.

a. 3 + 2 Interpretation: correct incorrect

method used

. '

b. 5 - 2 Iffterpretation:

method used

es

O

S

correct incorrect

119

4.

#
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VIII

o

r

Answers & Interpretation of Number Sentences
Stimulus: Written,Number Sentence
Response: Verbal answer, Object Interpretatio- n
Materials: Objects

Inslructions:

.120

Show the child each of the following number sentences. Ask the

child to tell you the answer. (Record response). Say: Show me how you

would find the answers to this number sentence if you forgot it. Use these

objects or your fingers.

a. Verbal answer: correct incorrect . delayed immediate* no response

counted on counted fingers other

b. Interpresation: correct incorrect no response

method used

.

iltriA
.

quisomo

.
,

.

2. a. Verbal answer: correct incorrect delayed .immediate no response

counted on counted fingers other

.

b. Interpretation: correct incorrect no respoble_

"11
3. a. Verbal answer: correct incorrect delayed immediate no response

counted on counted fingers other

b. Interpretation: correct incorrece-'-no respoise

method used
Alb

1`37

Ao.

4

`
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Productian of Number Sentences
Stimulus: Objects
Response: 'Verbal & Written Number rsSentenCes

SAY

1. Place a set-of,3 objects and a set '1. Tell me a number sentence

of 2 objects on the table. Move

together but do not mix.

J1 ICJ
Spoken number sentence: correct incorrect

for what I did.

no response

.0

2. Place a set of 5 objects on the table. 2. Write a number sentence for

Remove twcrobjects.
, what I did.

-:'

. Written number 'sentence: correct incorrect , no response

3. Place a set of 6 objects on the table. 3, Tell me a number sentence for

Remove a set of 3 objects. AO, what I did

Spoken number sentence: correct incorrect no response

4. Place a set of 4 objects and a set Write a number sentence for what

of 5 objeCts on the table. I did.

Move together but do not mix.

I

.Writien number

.>

rt

sentence: correct incorrect' no response

138
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139
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Table 14 post test Riw- Scores of Not Ready Subjetts_
-.. --:00,0-6-- .....,...--.1,--4....... ------... . ..

.

Delayed' SyMbblizaricin-GRitty--7------,----- Immediate Symbolization Group

1 No. f' number sentences
.

1% on posttest. correctly

nt,erpreted produced answered

T T A ,Si

1 F7

2. r7

3 7

6

-7

8

9

10

-4

6 13 -4- 8 ' 8 .116

6, 3 5. 8 113

5

2 4,

14

15

11

9 , 9 18

"9 8 17

.7. 47 ^ .14

8 8 16.

2

5

9" 5'

4 3

16

14

11

11Z.

14

Total 4-1
e45

24 23 47- 1

21 22 4'3

21 19- 1 40 .3
a

16

23

21-

23

11

21

13

47

44

34

11 '34

4 11 25

23 17 40 10

.7 5; 12. _ 11

No. of number s entences

on posttest correctly

interpreted, producedproduced 1, answered

A _I S' T A

7 4 '11 7

6 6 12 7 Is

4 9 7

S f-T 'A IS 1-T
I -

12 10 8 ,?.18

7

6

_12

12

7

9

11

-9

3

12'.

91,8 17

8' 6 14

10 ;9 ;19

10 :8 -18

7 1 8'

7 5 1.2

4 12

4 2 6

Total

;

1 4 17

20

41

42

33

,

4

18 43 ,

13 33

20

3 31

12 30

2

11:3
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Table 13 losttedt Raw Scores of Ready Subjects -

w

Delayed Symbolization Group
4 - -

No. of number sentences

on posttest correctly
. .

u 1 '

w interpreted. produced. 11 answeredinterpreted.
.

,-, .
h

A S' T A S TIAm .

6 . 6 12 8 7 15 110
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S T
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1
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--, r

4 20+4.4 1 ;.7

8- 16 22

13 8 8 16 21.

16 10 8 '18 25

14 9 ti2 11 23-

16 17 24'

14 9 9, 18 22
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12

22

22

39

42

42

47

,2

3

4

5
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..

rete produced answered
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5
.5

7 6
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t

T1 Ai S'-T Ai S

13°1 8 7 15 9'1 7 1

1
8 16 9 7 16.

13 8 8 116 r 9 9 .18

10 S 6 11 8 6 14 18

13 ,13 8 16. 110 7 17
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